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i; y H H A H f 
ths following aeparatio&tt itav® l»@oa d^seribod 
in tiila thdfils* 
( i ) ^spg^i«tion of thlour&ii, thioeyanate ana auifide, 
( i i ) ,:'@parAlimi of m.%%uX ions on atminio iutifetato ^pet^» 
(111) ieperation of aalenium fros oo&son Ifl^oriftnt ions 
on aUmnic tungslate i m ^ r s . 
(iv) epar^Uimi of thiourea i«id[ lhioo^«tnA%9 b> ion 
@xoluiSi<m* 
rsie follotfin^:, qu'^ntitative studios have bc^ on 
porfortaoct* 
( i ) i^i9ri«>iii^*timi oi atleniuiu. af%#r aoparation b;y ion 
Cii) . paotropi»o$.oiaietric deteradnation of oa&iiuss with 
fiisa^iiuts thiOCjr&n '^'to» 
Thiour^a.^ tinocycsitette and sulfide have he«n sefmratti 
\mme. numbor of i^olvent aixtures* The host fiolv^nt systss 
i l 
i s p?ridia9 • aialliariol *• water (1$2i1)« In addition to 
tim ttepftmtion of ttaioyrea,^ thioejfaital® and »iiifidie b^ 
p&por chrofii^togritpliy tho lit ve»luos of tlii»sd aulisliiiieoa 
were also «to4i«4 in a niisiliHsr of ^ilpJ^atic alciohola* H 
i^ &s fouad tlMfcl in idl ttm@B itm plot of ciiolsetrlo ooni»t&iit 
Vs lif valuo gavo & &&ri^ igh« lino (flguro 1 )• The atraigtit 
lin.@ aay IM r#^raaeat34 b^ tha aqm^tion 
.•i » a ( a f ) • Q 
whtr& i> i s th3 aieloetf io otmalaoi of tl:^ solvent B^-gtesii 
m 4R the slop© 8n«i c i© th«f tntaroept* Tim iatsre«pt C 
i s ainiau® tor thiourea anl a^ ijtlfflwm for aulfl^Oy «hilo 
thiocyaftat« l i e s in hetw««n (fl|^r@ i )• 
^iuaarwia m^%ml im,B Mtr^ -^  chro@'«torraphotl on etHnnic 
tunimtatff p%p«rs in a riusabsr of fMiutotaa and son aqueous 
8y@t#»a« .<K8# of thd mom iS]^ort&iit fiopnratJo»» developed 
are given in the f©ll<»#lng tabl^. 
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Other ion^ ^ hours 
have i*r 
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0 .28 , 
» t 
2 hours 
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0.30. 
Otner losis 
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l eas th&Ti 
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1 hour 
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Ccontlnu<i4) 
hi V*slU€ 
«)paratloa >olV9nt oya to^ 
loi}*e»pa«> o t h e r iom 
r a t e d 
-ni 
i^-Cu- u ,0 
iJOgCO.e?^ V ( 0 , 2 7 ) . 
u{0 .97) 
? houm 
f • 
Ag-.Tl»In Aft (0 .00 ) r i ( 0 . 4 7 } , 
t n ( 0 . a 3 ) 
1.50 
hours 
Pt - Pa F t ( 0 . 9 6 ) i 'ulO.IOi ^0 siinuiea 
'::.l«»B«-»Ga iu tanoi • 
propyl o t h e r + 
§0f4 iiCl 
. 1 ( 0 . 0 5 ) i io(0 . l9) 
Ga(0.54) <^ ^ f t 
i-'CKi»-'i»i:^ 3ttfcanol • 
(€> % 'i t 2) 
if'e ( 0 .95 ) . . 1 ( 0 . 1 0 ) , 
Be(0.41} 
2.15 
hours 
^ i -Co* 'n 
K - y - «^ ©(m) - ,0 
T - Th 
s o l y t i o n of 
thtb * V' nQl 
(7 t 1 I 6) 
li ( 0 . 1 0 ) Co(0.5?)# h 
9n(0 .89) t » 
K (0 ,05 ) V ( 0 . 5 1 ) . • • 
F « ( ! I I ) ( 0 . 9 6 ) 
•r (0 .62) Tfc(0.0€) 35 ffiimites 
¥ l 
i ron , BiiiCf Jtead^ biasuiii anu ta l lur iu&t the respectiv® 
li^ anu ;^ Vf^lttts b©int> (O.^S-OtOO), (0 .40-0 . 0)» 
C0.16-0.00)t (O.OC'^ t (O.Ou)t -ft^ {0.06*^.00). t t e ©olvsnt 
Eyf?t9» iiss-i W5u'<!, 0.1H aissiimium t«rtrrate in 4M KH^ OK. In 
e l l ©»;'»8 ©era than 95"'' of selfniium iri>8 r-pcovere^ fro© 
2Cafc oi' fcieioaii*© appl ied , 
.pactrophoto&etric dotermination of osi^us with 
aoiisonluai tr.iocyanato was s.tu<Ji'?tl. I I wea founi th??t the 
sajtltauc abBorbance i s obtained a t 440 mjj. and 600 sau • 
Tho color obeys 3e«r*s l^# &nn th i s aet.^od am bo iiu®d for 
the detort^imitiCKi tuf osuiiuii trom 3 p«p«». to 1^ p»p»Ut0 
:i'f@ot of >iivar'.:ie ionr. on the aetor-iai.-tion of oeuiua '#aa 
ulao etudi<*a. Of tha ions atuili«4 oriLj p ia tmua im '^' paXlci^ 
iiium in t^ r fdro £4cnificaiitljr wbon pra&^nt in 10 fold oxcaas* 
Thioc^a»«skt@ waa qy-nt i . ta t ival j ' e&ptix^teu froi^ 
tjuourcsa on « owe* ^0 x B ooiuim io iilL* Ao/a (B€ by 1 o&s« 
coluiui/ . ijowovor, oaly 78 oi thl<Hirc?a coul i be racov reii 
frois a ii^xture cofitaininc § age of afiwoniuai thloc^iiii'-'te 
A-na 10 «iaf.s of t idouroa irj 1 ®1* Tnaee resiulsa irore corro* 
latc:i viti"' the Xd values of thAoure*-* !'.nJ^  thi00fc*B^t® e«i 
v-iriour- ion «»xchanfors« 
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ZX. C H A F T £ R • ZV 6a 
imn im^OiiUn's riitni, mm mim 
ixp«ri««aftftX 65 
iJiaeiiesiofi 69 
I l t«r&ti i r« e i i«d TO 
Omtm WITH AMMOWltJM tHIOCTA^ATf 
Ut«r»li»r« el%«a 89 
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i v 
WMt 07 mBUUtKXHS 
•f thioiifvftt Sl)iMf«Mi« and Sulflil* ^ 9»9»r 
B9pikm%imm • f A«(HI}» H«(XI), n(xr)« ii»(n)t 
u s f OF thm^ 
i%ec 
TABU 
thMM 
• I f i f V^tUSS Of TfilOUKi^, fiaOOYf l i fS 
ma BQtnm u mm omumc mtmnt^im 15 
• 11 llf VhUim or fHIOUim, tH20CT>M.^ fE 
AnpMhnm i s COHPUI #OR.MIHO 
TA8L8 • I I I Hr fAXIISS OF fHIOyKSx. THIOCt RXi 
TABtt • 1? si?^R„TXo« or 81 ^ a f riXitaaEa i» 
th&iM • f iiEpAE^non or iH8A«T laitims:^ At 
TABT.S - in SgPAEATIOH OF BlKAIIT P.UWmti BY 
TABU! • m Sf:PAhATii>« OF tHlOUHR/.t tHlOCYAKATf 
TAM.B •Ti l l aElA^ATIO« OF QM CAflOH JK).^  
TO«eyT*.TB fkmmhi^ jtmmcrm wt 
f AJK.8 • IX sink&i^ tBmhiiX A«D qmtwMHAitr 
tysoafAff PA mm. 
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f4M,s * zxxz GAUmhtim mm% rm asMXUH, 1^ 
TABU • XZf irrSCT Ot M f m u l ZOU^  Olt t h i 
iDSTiimxiiafXDH Of oiiMxim* so 
TABLE • i n A coj^ Pi^ Kiac^  Of semi niTi^itt ma 
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y&iria o«l» AHi^iaHzmi^  tmtuktt IN 4M 
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• zn a a (7t5i5) AS mmtM musE. 
^mhmtiou m AH, ug,{u) hm oos 
fiit^ 42 mtkh 10I& Q^ ZNa ^ 
mifAKOi ^ 9<»t Hso. (7t9) ^s mmhu 
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fivitt on sTkmic immuft PAPSIS, 
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48 
49 
50 
51 
55 
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mMt 01 at uwm in O.SN Hex fs 
BhBC'tmnmMnnn on nAin hM& 
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Amvosptioi $9mtm or ( i^^ iim* 
wOAsntAtivi aiPAii*tiO!i or A^ if^ oitiysi 
i s 
A B S f K A e t 
«f tlil«iir«ftt liliMfMMii«f MiA «iilfi4t ham h—a •%iifti«4« 
I t ym hmm fMUKi t l » l I IMI Bi mUM« #f Al l in * %tmm 
•9«0&M iaettMMi UniMrlf nitli tilt 4l.«l«elfio edMlMit 
• f llM aUplMlitt aloi^Mls ifidtii ftv* HMd a« snlvMts* 
fii i« MMMPttsr mn9 h» r«^Mwit«4 idktlb U M iMilp • f tiit 
?«rly atv*!! mtimm Iwft li««i stuAi** in m^nmtf 
•iHMiM aad iMB A^uMiM ««lvitiit •jrnliNM AH stMoie 
tiiii«i%»t« 9 i ^ r » * tut foUtwiag Mkl fUoal ly ^ f f& ta l t 
••9iaf«ti«i« ii»v» bMtt ^ f M U t a l l y aolil«v«d« 
(A) Sytel l i t M^MHiidiuii SytciUt ••ipaffttieiia ^ 
(B) MaAriTf Uraftry MKI 4ii»t«r»iry Mi9*f»ti«(»t 
Ag • on • A«, Af • fx « znff n « An • i r t a« • ?•» 
Stt « till • Hi* « i • C«« Cll • €4« Oft • tU Al • Q»« 
Al • ]!• • 0»» 81 • e« * Ma • tut Hi • Co « Ita • 
f i t ( n i ) aatf 3» « in* 
«i»o«s ttf 1^(111)9 Oiit Itif l%9 I I MKt T« M slMiiiie 
lifts toStll M W L v f t d in f 1 IO UlA l O l l l A l i M I * 
XI |M» toMO found llMit OMilMi MM b« M S i l y 
«% 440 • JUL • tim MJLor ^sfs 8ttr*« l«w tnm 3 »*9*s* 
to 19 9«|N** M**t • t tH* •flWif tftUoiis M«t aaloiis 40 not 
ial«rf«r«« HftUmiBf ytdiMiiMi MI4 oyaalAo MNI tHo only 
tea* ^don •ofloitoljr ia«*rfer« l a I I M tfaloyviaatioa* 
AmttAtm IM.aay«aal« IMS II««R tiiaiiUtaUvoly 
Mpsratwl ft»a« ikioiiroik bf oltttlott wifcti wntor oa 84 ky 
1 aa ioa aaolMiig* o^aaa of savta 90v a 8 (lOCM^ aaali) 
ia im^^ f4ni« 
fi^tMatly tlMtti «lHr«Mlo«f«plMP miA ion •««l»&ttg« for impld 
9ii«lii*tlV9 aefMiratieiui ot orfikiiio aad iiiori^uil.« fiub«tiM»eea 
in «&«r« %ttftiiliU«s* for OT§»M9 MMt*a9«8 p*|i«r parti-
tion ahro«A%ogmi>tiy i s %o tw 9r«f«rr«4 siiie® i l i s ^««4 
on iiM distribution of tlisso miMitaneos botvoon a polar 
and a noa poiar pluMio. THO dlatritoetiofl eosffielsQt in 
turii dopoote ttpoo a auBlisr of pliyaioal and ob^ rt^ wi^ l istar^ 
aotiooa* Hotfovart tliara aro vorr fa« aystaaf^tio atudias 
to sliov tliat tba propor aolvaat wm b& pra^^eted im tlia 
basis of thaeratieal ooaaideratioiia aioaa* Qom aeai 
thaoratieal atudi^a in this diraotion have baan aado by 
.^ ootawlaaki C1»2}t fbooa (3) and Hoonora (4)* Howavarg 
aiaoa ttoa diatfibtttioa ooaffioiaata dopaad upon the ralativa 
polarity of tba i^^ aaa a aiapla oritarioa abould ba davo* 
lopod wbioh emUd lialp aa a guida ia th« pradiotioa of 
suitable aolvaat ayatt^ Hi* 
For th« 8«p«r«%i<iii of wtg^m^e sabftteiioos trmt 
inorgaiiio lona «h@ «#t)io4s gonorftlly u»«4 »r« solveat 
oxlrofitioiit p^P^t ohremak%o$rAphff and ion oxohitago* Out 
of tbeoOf ion osobaoge offers « vory olo«wil proe«<itiro» 
ftoio wtioa tt ttixtoro of lonie MI4 iio««4oiiie outoslaaeoo 
ai«aoivo4 ia wotort ! • olalvA on on ion ox^Ango oolitan 
%h* iOQio oatetoaoo io olitoinoa firot in iito offlvoot mm 
tlioa follow* llio aoo»iooie ii^urity* If wo want to oo^o* 
rato n^JT froa a aoa-lOBie la^aritf tl^i roain la %mkm i a 
oithor n* for a or in MT fom for olatioa with oalor* mo 
aotHod l a Itaoim aa ion »solitaioo« tbo aain »4vaat«^ of 
this nottood ia tbat onlf v&tor ooataaioatta tiio eofi{Hia«Bte 
of tiio nlxtttro* i^aplto tbia groat aivaataga vorjr fov 
aaparatiooa of aaalytloal Inportaoeo to»vo boon roporlod 
i$m9) oslaf tho ion OMluai<m proooaft. f I ai^ poara tliat 
noro effort atioyl«t h« apoat in atadyii^ tha potostial i i i ta 
of tbia proooaa. 
For a stioooaaAil solution of mnalytle^l probloao 
systoQ^ttio s t a g e s b»ir« to bo aaito on tha basis of the 
experioneo derived froa worM on obroaato^rapby aad ion 
oxoimnge* In faot It tioula be aooH bettor i f both the 
tootmiques eoulti b» ooabliteii »aa th^ behaviour of ouaerous 
aetai ions stuaied in u ayetowitio aanner* i\ useful appre»eh 
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a lMg lli««» Uae« t»B bdMi r<^or%«<t on p»9«re i«pr«eiif^t»^ 
v i l l i «ir««ilt ia {>lio»piir t^« (tO»1$)f ft9l.«iiit« ( t6 ) f ansdotilaa 
«tit4i«a tHirfsr f r o * m. mmto«r of lisiLMitioiioi ( i ) vory t«v 
iona httiro l>eoa ojrot^MiiiooiXy otuaied on liioea iiior<^aaie 
iim oxobAiii* pai>oro« ( i t ) Tb9 ftolvimt afntwft* tric»d l^iro 
alaost ftlnikfft boon piir»ly ««QQeite« ^Ixod oeiv@»iito offer 
vory aitntotivA poa»ibi l l l i0« for ihs ftopomUon of M t i a 
loo* oo ion oxotitiago oskoriAi »iid %h&y aood a enrcfyl «ii4 
•xii^wiYo study* To liOM;® m i l odLvanta^ of lhos<? t9elml^ii«a 
ttoil to ftiioto tnetev6ai i l i ty of ttoio a^thod I t is nieo iaper» 
taut to otttdly the tiuantitatlvo a«|»#o%iK of so^a eo{mrati.Ofii»» 
Of ttoo difforoat iaorsRale iono wniob b&v« II^OB »9p^ &rftt@4 
Oy itm oxotMiage* s«Xooi«i« 40 oao of tisoo^ vhiea h»o not b<ioa 
QZteaiiivoljr iavo»tl |^to4 (M)* li la tli«ir@foro wortiivhilo 
to aoporato ealoniua from ooaesoa ioaa ttoiag ion ojt^aairo 
iwtbo4o aad to sttiay tt)# qaatttitativo ftopneto of ttnio 
••poratiOR* 
Tt lo not ali^aya poaaiUlo to f ind ^ oulta&Jlo attbodl 
for tile %tiantit»tlvo <loton^mtion of a oiibataneo* ^ e a 
vbea satiafaetory mtfeoda aro available i t ie aeoQsaary to 
Imve A>ltorBatiK« proe«dur@8 wfctcAt a^y Oo applioaMe l a 
tlboae oltaatlooa wher4» the «xiatlair aetbooo f a l l * kmfm$. 
3 
%lm eolw forssins re«it^ #ii66 l^OiMmiMas tniooynottta m tlis 
moMt v«rft*Ul«« It #V9<% eoiere wilt) fji, ¥, l@, COt CUt 
rm, fa , lo* Wy U» lidf ^ t ^ f^ If «^ ^ i25)» <^t of tii«s« 
oaalutt (26)f mfl&Mtli {21}^ ruthftiiiDia (^} t rhenius (29) aod 
olobiua (?0) hm« not ^oan oxioAftlirely 9tuai<ia« 1% ftoertt* 
fore ap^tairs u»«ful to iiBivoatig^ct %h& spdotroDtiotoficiflQ 
a{itarttimi.t^eii of tli«»« sutwtaaooe ualog ai^ BMmlutt tihiooy»iiat« 
t1i« prtfi^nt •%»% \#«« %her«for« tmdttrt%lt^ n to iiiv«»ftti« 
#it^ the vttrienjs »Gp«et» of ehroflmtogmpHy, loti oxchan/^ df 
'And sp«>otropriotoflMitry outlios^ A1M>V@» in tflo followiiic p»£t»9 
&ro givofi tlKi «ettio<36 usedf th« results obtsiiasd snd tiMi 
ohenaistry of tt^ proo»ss«s involved t#hsn thast iiethods of 
sspsrstioa mM dsteraiinstioa wore spplisa to pro&lems of 
Asali'tieal lasporsaaos. 
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C H A P f E a I I 
EFFECT Oi SOmtm COMPOSIflOR on fHi SfPAIiAflOR 
Of THIOOiiEA, IrtlOCtAHATS ARD ^TUTIDi 
7hiottr«ii mad i%» (l«rivAti¥#« «r» iBporiaat 
«ii«ilytitt«l r«ftgeiit8 wbieli &re ttifi«i la th« 4«l«ralBallOB 
of miitoroits aetal lona (1) •««• biaamiiy witiaeajrt 
osalutt aed t«Uuriiui MUI la WMiltiB^  ol* o«i.ioii« like 
0G99«r« Xhlaiir«ft i« its«lf preanal ia 8«i« food otmffo 
la fldoafe® titi>BtiUttft» Oa li«&Uag i t ia ooaverted lata 
tiiioifaaato (1) aad oa ^drolfBin i l giirea lijr4rQc«a 
ftttlfldo. It ia tb^refof« aeaf^ to imve aueooaafal 
aaihota for t^o 6«|^ arfttioa of ttiioaro*^ tnioejraaato «a4 
aalfldo* 
Tlilouroa Ma bo«a aopafmled froa Utloajraiiatft hf 
diasoivlag tlio aixtara ia a a^ieotivo aelv^al liJifi vator 
at a auitabla timparatara (2}« Tiiia atthod <lo@« aot 
appoar to b® ir«ry ftffiol#at« Se^aratioa liy t{»« addltiea 
of aof^arlG oiULorldo la the preaoaeo of aamwiitai aeatate 
r^sttlta ia tli« oeataalnatloa of ihiooyaaato lata thiourea 
(5)« A aore rec<?at a t^bod uaea addaet foraatlmi witb oarlioa 
7 
t«iraehleri<l9 m H m&UiO^ of SttpuraU-Mi (4}* It i s aol 
elftftr whttiiar %hi» Botbod la» %tiafiUiiiUVQ or aoftt nor i t 
! • iciiOMi i f tiw sotnod «aa bo i^ pli@d oa a «ioro«o«l.«« 
Ion «3ielttoioii has also totoa iiO«4 to ooparai^ IhioeyaRAlo 
trem oalfido (5}* Sulfido li*s ^««ii dot«r»iat4 in ilit 
preooaoo of tliioiiro* aii4 ibioojpusftlo aoiais lilr&tiOB with 
0«dl<iM<*Oi^ fdrexy ft«roiiril»@Bsoato ($)• Howovorf in* »ttb«i 
i s iadiroei B»d It n«oci» opoeial r«if«ttt«» 
TiM rolatioa boiwooa lif iri^ .«« nad aelirsat ooajiiooi* 
tioa haa reeeivo4 laor««iiiiig attaatiaa dariag %im last 
f«if y^ars* 3, iCortos (7) foaad taal »f valaoa of aalvaloat 
AM bivaloat oatioa^ aad aoa« arfftaio eoapfltiada iaareaac 
liaeftriy tritH tbo aitlootrie eoaalaat or witli the iaotoaao 
la %h9 &metmt of water ia wmur aiaoibX® aolv<mta* Gho 
aad Plaoeuei <8) tt«o4 aoraai ^ i p ^ t i a ulealiala aad ttt«ir 
•ixtaroa f«r th# ohreaatagrapiijr of <:liv&l®at Ma, Cu, Ki 
mm Co loao* fiiojr aXoa ooafiraotf tliat for tlie e^  tioea 
8ta4ie4 iif valtto iaereaaeo vitli Sioloetrio ooaataat* Tfe« 
•aae toadoaoy was aetiooti bjr KaafMiaa (9) vtoo fofoici tluii 
tile ut Talao dooi aaoofi oa iacr«a.aiag wator eoateat ia tlio 
wat«r«*«Ieolioi «Utttr« aaod a« aobllo pbi^ ae viih pajHir 
laprogaatoi with U4ai4 b^droecubaaa as atatioi^rf pbaat* 
This off at of solabiUty oa tho Ef voluo Has liooa 
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«iMtarls«d r«o«iitly by 1« soctiwioftlii And i»aehta«ls%«r (10)* 
f4i4er(ir (if) mlm iiotle«<t thut tlit af values of eations 
are iaflUMMs^ la tbo»« em««« wb«r» ooaipl»ji«« 1»«tit($«fi 
foond* laewirt (12) studifd U^e pftp«r e.nroiaatogrftpliy 
of irottt ftltiniiiita aad^titfiaiiui. -b« feimd tliat oaljf 
a«|ir«at«v MiMibXe wltti wat«r giir« salisfaetory 8«f*rtiiloas* 
Aleonelii altowdd d«erefuiiag d«rtle|NMia( vitti i»erMUiif^ 
aoleoular tf@igb( w&i|« aliphauo s^ eld* (Foraile aad Ao«Ue) 
6h«ir«d th# rftT«r«« tfCeoi. KtA f^ttljr iturtahl nad i^ han (13) 
«iiidi«d ill* Ef v«Iiittft of 29 ealiOAK la aleoaol-f«ral««> 
aeid •yat«a* Tliejr fotiad tbafc n plot of Kf voreun iforaie 
osld ooaoMilfmtioa gL^«& s-stopod eiirir«« for aiott of tft* 
oaUoae* 
C•l•l^ »9 «r«aJto fMid ^.Ss Urosevloa (14) «tiidi«d l)i« 
•fftot of voter ooaleat la etb&nol oo Hf vaittes of &OBO 
cotioao* 7ii#jr foaad that af valiioo of olilorid«s aad 
altrotoo of ftllcftll oad oik >lias e&rtiis laoroosod ao tlio 
ifotor Gooooatfotioa iaor#o«od ia otliaaoi uplo 40lK h$ 
voiuao* If voliioa of chlorldoo of i$a» Nit <^ o* O^t ^^ oAd 
Hg vera rotiitr b i^ ov@a »% io$ vottr* mi»»t Rosai aa4 
Ii9l>«r (15) h»!99 showa ti^t i t ia posai^le to pre^iot tb« 
eoispooitioa of a eolveat systoa for o^od 8«pai»tioa providod 
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Ib« Ut valit«8 la iii41vldu«X solvent •i^fam art jui4»irii« 
Ho M«llio<l has h^rni r*«or4t4 for tlie ss^ffttloa 
of thloiar«a| thioeyftaato mid salfi^o liy p^*!* oisreii«fco«> 
grapiijr* This oDnyUt aitiaiarlte« 1 ^ oolveat 8f«te«» 
•t«4i9<i» fui v«ll M offeot of ttolvittt ooi^oalUea «ad 
4i«il»otrle eonatsBt oa tlio Ht valuta of tMoar«a« thio* 
oya8»l« aaci milfi^* 
10 
Ai>patr>tu«i mp9r strifes df 1^ x 4 CMS w<sr« <l«v<slo{>«d 
ia gXasfi i&f of 20 X 5 ea»* B%t±p» 26 x 4 eaa m • !»• 
w«r« d«ir«Xo^4 in elastt Jftrs 50 x 5 eaa« Clreiiliur 
eiiiroaiat«fri#lif va» don® la llAwnfmit ftpiparatuis. imrgent 
o«elll«att«r si«d«l v wft« uattd for ^ioloetrio oonxtoet 
seftwiroaoato* 
F&%or >»a gi»ttiCTtt^ f t sohloleiior iifi4 aekntoll Ho* SKH9a 
Dftp«r was tisod thrott^ottt lli«stt ttudica oxoept In 
cli>Gul«r ebroafttographjf vliei's whatsaa Ro* 1 oireleo of 
1^*5 oa<( diiw®%«r ir«r<^  utod* ciio«iOAlo and •elT«al8 ir^ro 
•ItlMir Bm iforole (DarMiadt) or B«D«if« ABAUUoal grftdo* 
ttot solnUoaot Oo^  porooat o«iioQito ooltttions of 
thlottrex* ttMBonliuR tiiioeyaiiato «a4 ooditia mlii^i* wort 
fr«{Mr94 taf oio&olviiii llto ro^tiirti %a*aUi^ of tli« 
sttbotoneoo in itl8lllX«<l valor md ttoltitig upto %h9 aeoo* 
•Bmry volitBo* 
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o«l««t0f«i a appro%im&%%l3f 0«1lf solution of »oreiiroiis 
nitfmt* wm» as«d to dtteet thioaroo* Tliloeyaii&te vas 
•^t<%oto<t with G.12H forrio aitrmto ooiutioiic TMoojraiiAte 
w&o diffiotilt to diotoot ia c&ro«atogroa« d«v«Io]>»4 vith 
formio &ei4* In ti.!® oiuio tii« otirosatOfiimiM aftor tevtlop* 
•eat wor« vooliod ^aecoooivoly vitto oaiooXo iui4 diotlijrl 
etiwr and tlMa doteotod witit forrio aitimto roagont* To 
dotoet aalfido the ehnmAt^ettma wtro first clipped ia 
O.tH AgKOi^  aoXttUoa and tli^i vaalwd vitii 4M lilfO, mi 
diatillod wator reapnetively to roaova exooaa siXvor 
aitrato. 
^yofodarot The atri^a wart ooadltioaad for five siaatea 
aad tliaa davaXofod uaiag aaoaadiaf taaltniqaa tiXX tba 
aolvtat freat liad raaobad a aaiiabla diataaeo from tba 
atartiag Xia«» 
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a s a 0 t T s 
(m) Bf vmla«a in niirQ orgwiie f>«lvwiisi 
Te proee«d By®t^Mktie«lly tha Hf vnlnds of 
Ihiourea* thlooyanate itad sulfld* v«r# obteiii«d ia 
niia«reii« pura or^uiie solv«Btft* Tli« results are 
miSBftrlssd ia tftbl« Z« 
T A B I. E I 
Kf VAUIEil OF faDUHA, IHIOCY/^ BATl hHl^ iiULFl.*E 
Solvent 
Bt 
tMouroa miooyanate uiilfi4e 
Methyl aloohol 0.54 0.48 0.09 
Sttijfl aleoliol 0.23 0.27 0.00 
Propyl aleoliol 0.19T O.tTT 0.00 
lise^ i^ropyl aleoheX 0.21T 0.20T 0.00 
iv»Biityl alcohol 0.15t 0.06T 0.00 
Tert«»8iityl aloobol 0.t5T 0.00 0.00 
Anyl aloebol 0.09 0.00 0.00 
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T A 8 L i I 
(Continued} 
aolveat 
Rf 
Tirdwirea Thiooyaaate iSuIfide 
lse«»iusEiyl alooltoi ©•nx 0*00 0*00 
I«tl««£iyl aloonol ©•15T 0*00 0*00 
Oot^l alooiiOl 0.04 0,00 0*00 
Pyridine 0,69 0,59t 0.00 
Hi l ine ©•54T 0.14T 0*00 
' iaothyl Aniline 0»10t 0*087 0*00 
Foraile Mid 0.70 0*68 0*61 
Aeetio acid 0.29T 0.06T 0*08T 
Propionio aeid 0.27T 0,00 0*00 
Bttyrie seid ©•13T 0.00 0.00 
n^Vftlerio Hold 0.11T 0,00 0*00 
Aoetooe 0«26T O.IOT 0*00 
n^ropf l ketone 0.22T 0*00 0*00 
Et»ti|rl iD@tnyl Icetone 0.20T 0*00 0.00 
T m tails 
ttf values 04 all tm three wore found to be 
eero in dioxan, butyl aeetatet «^ipbenyi oxide, iaopropyl 
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•thjrl«a« trlohl0rl40, and uniaolo* Thioeyaaato and 
aulfida 4id not oove in aoetophacon^f sel):^! aoalatt, 
othyl ae«tat«t ethyl aeetoao«tat@y aiathyl isaloaata 
and diphanyl oxalate* Bowavart thiourea abowad oone 
soveaaat aeooa^&aled vith taillQg in tbaae aelv^Ata, 
(b) Papar ohrooatografliy In ao»e eoaipl^x forming 
myateaai 
la ordar to u&& praeipitatioii «iiid oottpioju* 
foi-satioa pnaooaena to aid thaaa »«p»aratloii9« papar 
cliroMatograffay v&a alao triad ir^  aoa@ aetai Ion aolutioaa, 
0l8tlllad watar haa bmn Ineludad lor oostparlaon* The 
reaulta art auasu^rlsad In tabXa II* 
T A B t E II 
Ui VAtUEiJ OF THlOUMEAg fHIOCYARATH AKS SUM! E 
in COKE coMPifK fomma srstm^s 
solvant ayatoa Rf 
Thiourea Thlecyanftte Sulfide 
i% AIoonoitcf@rne 
ehlorlda 
0*9^ Alooiiolio ferrlo 
chloride 0*M 
0*66 
0.74 
0.20T 
0.34T 
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T A B L E II (Coatlmied) 
8f 
Thloiirsft Tfaleejranftte Sulfide 
0«5IS /leobAlio Copper 
nitrate 0.19T 0.61 0.06T 
in Aqueous Lead nitrate 0*70 0*81 0*56 
10^ A^ ueoUB Lmmd nitrate 0*77 0«77 0*76 
:>i&lille4 voter 0*71 0*93 0*99 
(o) ^uoeeoeftel seporiition& of blaary cjixtureet 
Riuierotts solvent systewi were tried and the c^st 
sttoeoosfttl systene are euoisaricod in table III . 
T H B L E I I I 
Ut VALOE;i OF TMIOUu A, Till CtAB .TS UD i U U l B 18 
SOLV^JTS OSEfTJl i-'Oa THE U-SPAWi.fl :M OF BIS;.HI MlXTUiiEu 
8f 
lolvont systesi 
Thiourea Thioeyaaate Sulfide 
0«$lK Alcoholic ferrio 
olilort.de • itoetic aeid * 
Hydroohlorio aoid 
( l O i l i t ) . O.SJ 0,90 
Carbonitetrachloride • 
^thanoi • Water(20i10i1) 0.51 0.14 
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X A 3 t I HI (CoaUi»i«4) 
THieiirea fliloey&iiAi* Sttifi<l« 
1^ ft^tteoQA eopper suXI»t« 
• 17N aifflxini* t i l l pp%» 
first fox;aed ^di j«i«t rt4i»«» 
eolveu <«> t^tnanol (1t4) 0«$9 « 0*10 
If >. a(|U30iis biftaaith nitral* 
• '^ thanol ( t i l ) 0.68 0»95 
0,68 
i)i»Ull«4 wmter 0*75 
Pyridine • Btr.anol • 
Va%«r • Acetyl ao«ton« 
(lilttti) 
Fyrlclin« <•> Hetbanol * 
Wat«r ( l i l i t ) 
(4) ^ep»mtioo of binary sixturs* i a different mtiMt 
In order to toftt tlii i i t i i i ty of %h» sepftratioaSf 
binary aiixtttrea in t}i« ratioft varying irom It 10 to lOtI 
were aepirated. The reaulta are s^MUuritod in table IV* 
- 0.97 
• ©•97 
0.88 0.2? 
0.87 0.54 
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T A B L E IV 
3EPA«ATI-'!K >f SIK.iHY MIXTURE.. Ill *iIt-FShgflT HATiOt: 
Coai>ofi@at Katio . olveat 
r«A ey«nat« 
uiridv 
l i lO CCl^  • Ethanol 0.33 0.13 Thiourea, 
W?Ly.,«t. • HjO(ao.10.1) 
lOil », , , 0.36 
Thioojronate l i l O Pyridiiie •*• 
from Methanol + 
-ulf ld© HgO (1:1:1) 
lOtt 
• • t f 
Thiourea I t 10 ^ l&t i l le i l 0.74 
froB vater 
.:uirida lOi l • f f » 0.74 
o.ot -
0«60 0,53 
0.90 0.65 
-
1.00 
«» 1.00 
(•) Sepaimtioa of binary oixture^ at hignar diXutiont 
Tito t e s t so lut ions ««re OlXutetl to 0.0:^ aad 
0.01M. Xfi thliv oaaa also blaari' aixtiirea were aaoeoaa* 
fully 0eparat€4. Tb«i resul ts ara su]»iariaad ia 
table V. 
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t k B h t V 
SEPAiiAinU OF flIHAKY MlxIUiilS AX HIQHEH i»lUlfIOli 
Cone* Of 
on 
«^oiv@ot Ht 
so lut i hiottroft XMoojroiiAle suxndt 
0»02N 
• HgOCaOtlOil) 
0.50 0.09 «» 
0.01M f t t t 0»30 0.10 «» 
0 , 0 ^ TyrldlBo • 
Mftthonol • 
MgO ( l i l i l ) 
-
0,89 0.65 
O.OIM t t f • •» 0.90 0.66 
0*02M 
wator 
0.76 «• 1.00 
0*01 M f t f t 0,75 - 1.00 
(f} Clreular paper ehroaatogri^iiy of thiourea^ 
tblooyeaale and aitlfidet 
Good aeparationa were alao obtained ualng 
elreuXar ehroaatographjr. Tbe Hg valuea are given in 
table VZ. 
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T A B L E i n 
SEPAaATlOU "f BIHAwY MIXTUKFi? BY CIBCUtAE ?A?BH 
CHHOMATOOftAPHt 
Solvent ^R f ia« of dOV«lO|^. 
• •a t ; ' •yetta fitieit-^ "liilo-" ^tiifi<i« 
re« ojfiumie 
GCl. • BtlMiaol 
* Hj^Caotioti) 0*4? 0,21 „ t 15 
H@tbftQOl • 
H20(1i1i1) «» 0,84 0*64 30 
%$ A«i ie«i« 
• itbanol ( t t l ) Ot96 «» 0.78 35 
Cg) Separation of tomory alxtaro of tbiourony 
tliieejnuBnto and oulfiaoi 
tbo boot oolvont oyotoao for the oeforotlon of 
all the throe subotaaoea are given la table Vtl« 
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T A B t E "VII 
0lv«at *^  
•3^**** Thiourea Thl©oyaii»te Suifid« 
CyelofaexAnont • 
CCl. • Etbandl 4-
M^Q <10t20t10t1) 0«22 0,09 0.00 
CCl. • Ethanol • 
ti^ O (20t10t1) 0.51 0.t4 0.00 
+ HgO (1 i2 i1 ) 0.71 O.i? 0.41 
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Althott^ papter ettroiafttogfmpii/ i s oonftiSered to b® 
largely eaplriealy a Sjrateaatio approach wa« tm^9 In t)ie«« 
studitta aod the a;^at«as evolved wi^r® %b# r t au l t of eona* 
eloaa planning rathar than of t r i a l and @rror« Thua lif 
valuta of thiouraa^thiooyanat® and aulfide wert f l ra t 
atu<ii<»d In pure organic aolvanta* All «fforts to evolve 
p^mly organic non«*a%ueoua aolvant ai^atasa failed a t 
f l rat to aeparate thltmrea froa thioeyaaat®* Coaplex 
fonaatioa v&a next t r ied and alnoa thlocyanmt® foraa 
cosBplexoa vi th iron ( I I I ) a isuceoaafttl separatiofi vaa 
eaaily davelep d using o r ^ n i e aolvania eontaining terrie 
oiilorlde (see table II }• Addition of bisi^th ni t ra ta also 
gave a suoe«8sful separation beoaas® i% foras a hisauth 
thloe>anat« oosplex* Separation of thiourea friw sulfidt 
did not prova to be difflouli. sinoo thsy differ aignifi* 
oantly in thuir adsorption on papor* I t i s for this 
reason that «v«n d i s t i l l ed tratar separates the two* Tho 
sulfids ion has an Hf valits of 0*65 io ethanol*watsr ( l i t ) 
oixture* However, trhen 1^ aqueous bisauth n i t ra te i s 
tak n in plaee of vatsr the Kf value r iaes to 0»97* Biaea 
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blwmll) a l t r a t* shoula exert a retitr4lii£ aetion owing to 
th@ f o r a a t i ^ of blaflstth sulf ide, tHis ^baviour i s rtktiiei-
&urprl6iiig» Of tiie preeipi la t ing a®t&lXic iomm tried only 
ooppor and iron gave euceesaful ctsparatioa of thiocyaaate 
an4 ttulfld«» th€ addition of ferrlo ohlorid« low«r& the 
Hi Value Of sulfido Dtnu lacrsaoos the HI valu« of tnio* 
Gyanat' ae exp«et«d« After th« fieparation of <:>iimry 
Bdxturee bad bton obtained i t was tr ied to stpar»te a l l 
th® throQ* To evolve this separation using only or^^an^o 
solYonts and water proved rather d i f f i cu l t . Ejcperinenta 
with about 200 solvent systess of varying composition wero 
t r i d« I t was noticed tb&t addition of water stopa t a i l« 
ing ana mmk.a tb^; s^ots laore ooapaot* Itb&jnol 1& useful 
in producing good adgrations* ^ daiti<»i of CCl| lowers 
tbe nl values of botb tbiooysoi&le tmd tbieurea but tbe 
efr^et on tbiooyonate i s nor® . i ^ i f i e a n t since tniocy«aate 
i& more ionic of tbe two* Carbon tetraeblorid®, tberefore 
acts as a differentiat ing agent. i:i;tbanol ejtaggeratei^ tbis 
bebaviour of CCl^ » In tbe absence of etbanol and water 
% levelling effect i s axartad by CGI, on tbe miv^neat of 
S~iBd CNS''and no aigraticms oceur. 
Tb® best separatiofi was obtmin d in iTidine 4-
H<»tri«nol • Water (1i2«1) systea. In pyridine tbiourea 
and tbioeyt^nate t^ i l wbilt sulfide bas a eero at value* 
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Metluuiol wnm {.herefore «i4<l0d liaeause oJT a l l the o r ^ a i c 
solvent* trl«d this l a 1^ 0 onl^ o»@ in whieh mil the t h r t t 
aigi%t« differentially* ftili> helped lo moving auifldo Icm 
and la lacr tas lag the at value of thlooyasit# as coapar^d 
to Ihlottraa* Finally tht addition of water nad# the apota 
of a l l tne tlir«e ooapaot* Here a^»in the role of the thrto 
fi^elvdatfi ean he aiiAlyzod as folloirst 
ator acta as differsntlatini^ ag^nt for thiourea and 
tfilooyaaate sad »a aigratlng ag«at for aulfld#« Pyridine 
and eet'^anol hoth ae$ as dlffdr@atiatiag agents for a l l tht 
thros OMipwitmts* ater hius th« additional rol^ of prevent* 
Ing t a i l ing and aaidng the spots aor@ eoapiiOt. 
la ordsr to interpret th« ®ff©ct of d ie lect r ic 
constant (i'^SsC*) on tii valuta* nora&l al iphat ic alcohols 
and aoae ol th«!ir aiJiturea with di«!l«:otrlc ooastaat ranging 
froei 9*90 to 33 were c^os n* If lhss« solvcats ars eonsi<» 
d j^red la the order ol iacrsasing dieX e t r i e o<«i&tsBt i t i s 
notieed that %ht Mf values of thiocyaaate ^^ ad sulfids are 
saro for the f i r s t fe%f solv^ats and thia th@y iaordms, 
linearly with the die lsot r io ooastaat of the solveat 
s^stsa* Tns r t su l t lng plot of di l eo t r ie constant irerstis 
kit value for these ions i s therefore aads up of two s t i ^ i ^ t 
l ia«*s(Fig, 1 ) , 
Rf • 0 (1) 
• a(Kf) • C (2) 
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wb«re a i s th@ slop and e i s the l a t s r c t p t . c in the 
siniMttB dl«l@otrie ccmstanl neeess&r^ to eaufto nigratioo 
<m the papor* However, thiourea sho^a sign^tion ovvo ia 
f i r s t few solvents* I t s at InerttmM&B iinemrl^ with di«l«e«» 
t r i e eoBstaiil froa tha v^r^f begLnoi^ng uma mooe in this 
case tt plot ol uf v&r;.us dieleotr le oc»Afttaiit givod mily oae 
8tr&ig>>t l ine i««* r^  • mini)* C* tni^ w^y he explained aa 
fellowBt aiaeii thioojrani&t@ «4)4 sulfide uro ioiiie ttubsttiaoaft 
tht^ are laore strongly adsorbed hjr the pol r &tationarjf 
phcis than tb^ non ionic tttiiouren* Hence tiny do not 
aigrate on paper t i l l a eertain value of the airXeetrie 
eonstsnt ia r^iaohed and in th i r esjie two straight l ines 
are ohtaiSfsd* I t i s possihle that if solvent systeas vith 
lower 4iel'.^etrie oonstant than 10 ar© u ed, thiourea also 
would have not aigrated and only f i r s t s tmight l ine i«e« 
Ht » 0 for thiourea would h»ve beon obtain<^d« This point 
i s oonfirat^d hy the fact that the valu^ss of c for thiourea, 
thiooyanate and sulfide are 10, 14 and ^4 respectively i«e. 
i t iaereaa li with Increase? in ionic chai^oter of the 
subistaoees* I t i s thereforo cl^ar that i f only tbos<.' cases 
ar« considered for w;.ioti th re i s smi© odLgration on %h% 
p6ipDr, then the curves for a l l the tiaree subatttooos are 
represented by e^uatloa (2) alone. I t i s ^Iso posfiible 
that the values of n snd c a y be helpful in th@ study of 
26 
tlia lonlo charaoler or a eub&t&ite* ^-^M In <iUitiiUlatlv» 
analysis* Howtvor, furlher 8ttt4^ i s rtquirad )o>@for@ eoAt 
definite coiwlusiona can l»& 4ravii* 
Further i t lu fotmd that Rf iraluf^s deertae^ $i« the 
aoleoular veight oi t l ^ MOlveat systea inereanes. This i e 
• 
true both for noraB t^l a l iphat ic alcohols imd t&tt^ aoldfi, 
wh^n isooorio alcohols ace Goaai4@redi m:^  eolveat eyetoae, 
%h*3 iit Talut^ fii of a i l the ihree Stthstaaoes inoreaft« with 
hranching* The addition of iron in the aolYeat s;^ @tee 
act only hclpa la soparatlag thiourea frow thlocyaa«t« 
hut a t the saa tine i t ilso r@aulta l a the d^tcctioa of 
thiocyaaate apos on Urn pio^^sr. 
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C H 4 P T ^ R I I I 
3EP-»KATiOf; QV KFlAr. iQfL. OH ^T-^ KKIC TUKGSlAtE PAPERO 
Ion txchaaga 1& probably th9 ba&t aethod for the 
soparatiOQ of inorganic ione* lioiievary p6^p%e chros^to* 
graphy whica was orxglnaLly dtvolopod for the separat ion 
of ori^i nie nubstanoes bus aleo boon vor:, suocooaful i n the 
separat ion of o i t ione* i t i s n t u r a l to suppose that 
papers lo^^dod v i th ion exchangers sriouXd b@ more off ioient 
for ths separat ion of oe ta l ions aineo in tiiia case the 
S9parati<m wi l l dopond on adsorpt lont i ^ r t i t i o n eoi ion 
eioh.ing®« This was conJTirBcd by th® oxoelX^nt r e s u l t s 
vhioh wort obt&ined on pcipors iaprogn^ ted with ion exehango 
res ins (1«6)* Howevorf the c laso ioa l work of Kraus and 
fflphlott (6) showed th' t airconius^ phosphate offers tasny 
udvrsntages when compared witn organic ion exchtjne^jrs. 
the n«»w inorganic ion exchange s a t e r i t a s are ooro s tab le 
towarde lient arid r'^^diaticm than t h e i r orgixnic cour te rpar t s • 
I t wais thf re iore c lo^r that p« i^pers isiprsgnated with 
synthe t ic i n o r ^ n i c ion exchMcigera ^Tioula leaa to b e t t e r 
sepa|rati.ona of CMt^ona (7) when coap»rod witn untreated 
papers or pure ion exch£uaf,e coiusuas. how@vor» no s^ateffiatio 
2^ 
8tu4ar h&8 b<i«ii rsported in which iuia«rotts laetal ions hav« 
b^ea ehroaat(^,raph«j{i 1& a%U9mts« R^a^Aquamas and aixedi 
ftolT^it eysteBis on pap^r iopregn«t@<l vith synthetic i n -
or0inie ion «xohangor@« Th@ pres^it crmptor dcscrlbaa 
tha result® obt&iined when 47 aetal ions «ror« chrcmato* 
graphed in &m'w&n%y aqueous| iioii««%u«ou8 and odxod solvant 
@yi>t«8i@ using pnpars ietprei^natad with stannic tungatata* 
A& ^ roAult a nuflibar of interesiing a^parationa hair« baan 
aevaloped. 
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E X P E H I K E M T A t . 
APD&r»<»u»t Qlasa Jars 20 bir 5 ee* vere ys«d to develop 
pa^er fttriim 14 liy 5 «»» wluktoiA Ko» 1 pap«r sh®«t «&« 
usod throughout the studien* 
Eleotrophorasis studies wero porforsod on a bori* 
iKontal t^pe Hpparatuft of Kastem Laboratory Instruaente 
(laaitt)* 
itoajeontst Choaleala nn'A solveiite wera either K* Merok 
(iaramttidt) or British I rug Hou&« nalytloal grado reug^nta* 
^tannio chloride pontahydrato was a . ols^di product• 
Pre para t A on of Ion Sxctiango piiporat Aquooui:^  solutions 
of stannic chloride (8«8f'} loid sodium tungstati* (3*3'^} wor@ 
prepurod* Papor s t r ips were f i r s t passsd throuf;h staimic 
chlori ie solution for 3 to 5 soooa^s* the excess stannic 
chlorili* yns removed by placing th® s t r ips on a f i l t e r 
paper sheet* Thsse s t r ips vorm then dipped in hot sodiuis 
lungstate solution for 5 seconds ani the exeess of tht 
reagent draines off, Kow the s t r ips were dried at ICMS'^ C 
in an ov€«i ani then wtished with d l s t i l l e i water in order 
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10 r«£sOY« mi;f exetfts ot the ree^afes* ttoe strips were 
ag in diri«d at 40 •• 46^ C and v«r@ itsad aa snob* 
Yaat aolutlontt 0«1M tiolutlons of ohlorldes, nitr&tes or 
3ulfat«8 of mm% of th€i eat ions vore prep^rod in 0«1H 
solution of ttet oorrespondlng aoids* 0*1^ solutKm of 
platlnus vaa prsp rod using plf^tlnita vir« sad dissolving 
i t in squ!9 res^B and diluting.0«1H ^ntinony and biscmth 
ohloridss wer* pr^ jp rod in 50?^  (V/V) sosi S.??^  KCl solutions, 
1^ solutions of gold and galliuia ebloridss wsr9 prep rod 
in 4K HCl solution* i$ iiobium peatachlorids was prepared 
in 10^ tartario acid. 0«1M sodius eiolyb<^atet potassiua 
ohloridot eosiuffi sulfate iii4 rubidiuia ohlorids vsre pro* 
pared in dietil lod vator, a«loniu« 4ioxicio w&s dieaolvod 
in wator and laado allcalin® with IN KOH solution* 0*1H 
telluriua Violation was propc^ed h^ boating tolluriua aotal 
in HNO, t i l l tbo r«sidu# beoosee wbito and dissolving in 
in iCOH. Cerio sulfato was prop»rod in %6N H^ SO^ * If 
titaniusi solutiCMi was prsparod by diluting titanio ohlorids 
with ^2n HCl* Mercuric nitrats solution was pre^arod in 
0«5K Hno« whilo ^SgO. and BoCHO,)^  wore dissolvod in 
11« HNO^ * 
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fh« val«iiei»8 of %he net l iona used ^r« liS follows unleaft 
otherwise stated. g(I}t Pb(XI), Mg(I}« n { I ) t Bl(III) , 
Cddl ) , Cu(II), Ae(lJI), Sb(IH), 8 i ( I I ) , Co{II), Kn{II), 
Fe{n)t A l d l l ) , Cr( l l l } , Endl ) , l^(III ) , Ce(III)t UO^dDt 
VdV), oedV)t T«(IV)» M«{V1), Pt(IV), M{Jl)t l fdl l )» AnCin), 
TldV)» Oa(III}t Kd)t Hbd), C«d)ff 3 a d l ) , S r d D t CeClX), 
% d l ) , BeCIl), Erd¥)t fhdV), l o d l l ) , Hudi i ) , l rdv)» 
Hb{V), HfdV). 
leteetorai fellov eaoionittiB eulflde eolut^on «ae iieed 
to detect g« Pbf Mg« HgdDt I'lt Bl, Cd, AS, 3b imd Pd* 
A fresh ftoliatien of sodiuu oob^Xtiiiltrite was used to 
detect £9 Hh and Cs* LSt Ce, CedV}| Tt G^ t Ca^  In« ?r» 
Thy Hf aad Kb were deteeted with 0«1f aleoholio BUtarlne 
Hed 5 soltttiofi* Au« Pt, Se, Te* i^o ani ?r were located 
with the help of SnJi^ oHCl reagent* AI, Be were detected 
with 1^ aieohollc aluainon aolution. :iphenyl oarbaeide 
deteeted Mny En ani Cr. Fed l l } t ^62* *^ ^^  ^ ^ ^ ^*^" 
detected with «l.Fe(CN}^« tli and Co were detected with 
aiaethyl glyoxitae* Ba and Sr were located with the help 
of aodiusb rhodlKonate* Hg was cieteeted with qitinaXlsarine* 
iiu was detactea by dipping tte utripsi in 2N HCl aoXution 
of thiCHire . tmc heating* 
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^rootAttft thin glass oaplllarl^a ««re ussd to spot 
sbottt 0»00t4 ml.ot the tsst soltatieaa* Ths ehroastogr&as 
vtre ootid!tionod for 10*15 aiioutts and th«n the solvsnt 
vas alviiyB ullowsd to ase^ntS 11 oss on papdr imioss etlisr-
wis® tt^ntiofiad* Tha %ifm of dovslopaont has bMO spoolfisd 
with eaoh 0oiir@nt« In a l l tho oasos ths front (IL} a^d 
rs r Uni t s (H )^ of the SOEMS aro given in pirenthssis 
instes^d of Hf value to give a elesr position of the spots* 
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a E £ u L t s 
A vry lnrg« nuMli«r of stpiuratloas have been d«v««> 
iopudi on slannie tungmtrnt® papers, fliesd tepftr^lKms are 
desoriliocl itnaer two hoetds, (1) ;>«pftratioa of one cfiiion 
froiB nuaercNis netel ionsf (;l^ } SeparatKme praelioally 
aebleved (m elaimle tungotate papers* 
Septoration of one oatl<m frwa namr<w>a aetal iwiei 
fh# ealeetivity shown bjr fel^ee ion exoiiaiigera ie ao 
groat thftt lo nany eaae^ one B^ ti&l ion can be eep rated 
froei nuaerotts aetnl ioiia« Hovevert only a few of tlie 
poaaiOle aeparatiOQ& for whxeb experimental support baa 
been obtained are deacribed in table VXII* 
f A a I. E f i l l 
z'p:AiAnon or ow c^rioii rao?^  HUMIROU^ KSTAL torn on 
aiASRic tmnsntr: ?p:^ u,-; A.; pas ..ICTKD BY Rf VAtu s^ 
Metal ion 
separated 
: olvejit 
aystea 
Ions Ukely to 
interfere Tiae 
(0.86-0.70) 
fr<» 37 
eaticMRS 
l^llrisaonium Ft, Fd, u^ K, Hb, 
Foz^ite Cs, euad Ca. 20 ainutes 
35 
T ii 8 L 1 Vli l (Conliftuod) 
Ue%&l ion Ions Ul(«l9 to 
intorfore tlM 
K IM AsidOflltttt F l | Pd, iUf Mgf Hbf Cft 
(0*82«0»70> foi^at^te* ana Ca» 
fro« 57 
efttiona. 
Hb 
fro» 37 
oationfis 
f t f t l**t J*^ t ^ttf % f ^f Ca 
aao Ca« 
20 almitaa 
t t f * 
(O,70wO#92) 
froo 36 
eatimia* 
(1•00-0.90) 
Mill) (1.0O-O.72) 
frwi 42 
n 
(1.00-0.92) 
teou 42 
oationsi* 
Mo 
(I.OOi-O.SS) 
froa 42 
OiiliCMda. 
(0.64-0.40) 
eatlona. 
• f f t 
Bs(«^nol 4 
(7i3) ' 
f t f t 
0.1M 
AwBimititt 
omrbooata 
f t f t 
ButanoX • 
50« HKO, 
(7t5) ^ 
Fit ^ t t^tf MiTt Ky Kb« 
Ga att4 flo. 
Hg(II), OOg 
Au, 00^ 
HO9 £le» liO^ 
Fit ^at UOg 
Pt , P<l» Bi» Ba and 
II 
f t t t 
2 b^ra 
f t t t 
20 alnutaa 
f t f t 
2 boil r a 
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t A a T, s v i i i 
(C<mtim«od} 
f<«tal ion uolvont leas Iili«ly lo 
mttfrfora 
Tiae 
ij9 (0,96-0,87) 
trom 35 
eatiOQS* 
0«ir: Asokooitm 
iartri^to in 
4H NU^Oil 
Ag| Aly Cr» COf 
Cd(IV)i HOf Oa, 
^rt K» ttbf C8« 
aad Ft* 
20 alntatos 
<0,94-0,87) 
froB 41 
oalione* 
oelhyl kdtono 
4 ftootone • 
1M HCl (7t3i3) 
Auy audi Ca* 
1 hour 
(0.e5«0,60) 
froa 35 
2H HCIO^ -I-
ikO«t{me 
(1 i1 f3 ) 
?n* 
Cff Tf All, 
t h , ifbt and 
49 Btntites 
(0«93«d«80} 
froa 43 
2M HCIO^ • 
CHCl, • 
acotoae 
<1»2t5> 
Hgf Au, Bo »f • # 
(nO(M>«83) 
froa 56 
calions* 
Iso^propanol 
4> acetyl 
aoetoao <f 
50JI HCl (6i3i1) 
Hg, H g ( I l ) , Fo, 
F«( I I I )* H0« P<l« 
Att, Tl« Er and 
Th* 
40 aliuites 
from 41 -estone • 
cations* l!j HCl (7i3i3) 
and ^tt 
1 liour* 
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nwmrtmm isporlant »ep&raUo»s v@r« found possibltt, 
How«v«r9 ft low were %ri«4i l» ord«r to c^iairi Gxperia^atAl 
support for the separfttioas described in table VIU« Tlie 
results ere given in t»l»le IX« 
T A B L E IX 
olvont ejrstoB ;iQ|^ration& tkohieved Tiae 
m Forodlc ftoid 
4 4!^  HCl (8t2) 
\% 'a^ &oniuBi 
foramte 
f t fff 
2H Forolo ftoid 
•«• 2M »amoniii^  
fonsate (2t8) 
0.5S HCl 
Butanol • ^% 
Ca(0.88-0»72) • Bft(0,$1-0.31) 
i n rat ios firoa ( l i l O ) to 
( l O i l ) . 
Hg(0»9^*0«80) •> afii(0»12-0«00) 
i n ratios fr0£s ( I t 10} to 
( l O i l ) . 
K«(0.90-0«76) • ir(0.55-0.38) 
Ba(0,18-«.00) 
M0»94-4).83) • B»(0.28-0.t t ) 
r(0,77-0»93) - Ba(0.3^-0.13) 
K (0 .8 t -0 . t4 ) - Ca(0,58-.0.45) 
Be(0.39-0«22) - A 1 ( 0 » 1 4 - 0 . 0 2 ) 
3e{0»35-0«22) • Ba(0,00-O,00) 
20 alntitee 
f t f» 
• t t f 
• f i t 
f t t t 
2 hottm 
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T A B L E IX 
(Coali.mi«d) 
•olvtnt sy@t«s eparatlone aelil«v«4l fise 
HflO. (6t4) 
f t 
t f 
• t 
t f 
i f 
f t 
f t 
f t 
HJfO^  (111) 
ean»oii»t« 
f t 
f t 
f t 
f t 
f t 
f t 
f t 
f t 
0,5H HCl 4 
Saturated ICCl 
solution ( I t t ) 
ft ft 
UO2(O.0O-O,53) - ?{0,33-0.21) -
HO (0*1 CM). 00} 
002(0.80-0*53) • V(0.3V0.21) • 
Ag(O.OO) 
•6(0.00) - Pb(0.51-0.17) -
U02(0.80-0.53) 
a(O.OO) - Cu(0.34-0.2t) -
Au(1.00-0.94) 
Ag(O.OO) - ?l{0.tO-0.52) -
Au(1.00-0.94). 
Ag(0.00) - n(0.55-0.38) -
10(0.95-0.71) 
Ft(1.O0-0.92) * P<l(0.20-0.00) 
v(o.oo) - Mo(i»oo-o#8e) 
P%(U00.0.92) - llw(O.OO) 
Pt(1.00-0.92) - Au(0.00) 
Mo(1.00-0.^) - 71(0.00) 
H«(0.00) - Hg(II) (1.00-0.80) 
C«(0.93*0.70) » Co(I¥)(0.06-0.00) 
Pt(0.90-0.70) - Aii(0.55-0.36) -
Ir(O.OO) 
2 hours 
ft ft 
ft ft 
ft ft 
ft ft 
1.30 „ 
20 «liiit«a 
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T A B L E IX (CoiiUmi«4} 
^oivttal sjfeteiB« ;;«^iuratioiifi &ehi«vo4 Ttm 
0«SN HCl • 
•o lat ion ( I t l ) 
f t • f 
f t f f 
f t f t 
f t f f 
tartrAt« In 
ethyl Mtbyl 
k«toii« • 
1« HCl(7i?t3) 
Ir(O«0O) 
C«(X?}(0«06^*00) • T(0.95-0*70} »» 
C«(IV)(0.06»0»00)*lJi(0.92«-0.80) ,» 
C«(I?)(0 ,06^,00Mii(0 .99-0«81) „ 
Pt(1.00-»0,86 
B«(0.70«0.47 
Se(0*91-0»80 
Mo(0.9S-0.8!J 
n(noo-o.83 
?.n(0,94-O*87 
2;a(0.94<-0*87 
on(0*S8«0.66 
Zii(0.94-.O#87 
/.ii(0«94*0«87 
Cu(0,90»0«91 
Ft(0.60-0.50 
rd(0,80>»0*94 
- IrCO.OO) „ 
• F« (111) (0.12-0.00) 
• T9(0*<n«0.00) », 
• Aii(0«(^»O*00) tt 
- U02(0.20-0.00) , , 
- r i l (0.47-0.21) 1 heyr 
• CO(0.41-0.21) », 
• Ilii(0.31-0.16) •» 
- Al (0.4?-0.10) t t 
• n(0.19«iQ.00) , , 
• Cd(0.86«0.80} », 
• l r ( 0.09*0.00) , , 
« I r ( 0 . 0 9 ^ . 0 0 ) 99 
40 
T A B L E IX (Centlotiod} 
S(»Xir«iit igrst^ S«]^raticms ftelii9v«d Ti*« 
4^  Ae«tono • 
50SI MCl(ti3t1) 
»i(0«07«0.00} 
Ka(0«4<M>«21) 
€0(0,5(M)«40) 
2in(0,87-0.57) • KnC0.40-0.25) 
- ^1(0.07-0.00) 
£a(0.87-0.57) « Co(0,50-0.40) 
) .00) 
2M HCIO^  • CHClj 
• AO«ioiitt(1i1i3) 
UO2CO.8O-O.48)* 
11(0.07-0.00) • 
Ti(0.07-0.00) • 
Ti(0.07«0.00) * 
n (0 .07*0 .00 ) -
B»(0.54*0.12) * 
ii(0.0€-Oi 
t (0.21-0.01) 
110^(0.80-0.46) 
(^(0.92-0.46) 
Co(0.50-0.37) 
FI(0.72-0.45) 
lt«(0.€1-0.44) 
2M HCIO^  • CIICI3 Hg(0.86-0.72) 
• Ae0toii«(2i1t5) p t (o .«6^ .50 ) 
Pt(0.66-0.50) * 
Pt(0.65-0.50) • 
71(0.10-0.00) -
ra (0.50-0. 32) -
Cd(0.55rO»35) -
Cd(0.55-0.35) -
20 alaut** 
Sr( 0.50-0. 51) 
311(0.10-0.00) 
7«(0.06-0.00) 
HO(O.OO) 
? (0.61«0.24) 
r@(III)(0.09-0.00) 
3b(0.07-0.(H» 9 
Aii(0.15-0.00) , 
45 
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T A B L E IX (Continued) 
tolirent aysloia leparalions aciievad T I M 
BuMuiol 4 
50* HCl(3t3i3i1) 
Cu(0«40«^*23 
Oa(0.67-0.54 
In(0,57-0.44 
a ( 0 . 0 0 ) 
B«(0,23-0.09 
Cd(0.67-0*$1 
Bi(0.58-0,51 
Gb(0.53-0,40 
ithyX BQihyl ItefcOM Au(t •00^^*74 
• Buow • 50# HCl 
< 6 i i i l ) 
tt(U00-0»74 
Au(n00-O.74 
Ea(0»70«0«62 
?.n(0,70^*62 
7ii(0.70*0»62 
7ii(0.70-*0.62 
Zit(0*70«*^*62 
Zii(0.70-0*62 
• Ca(0«60«i^.51 
• Tl (0 .11.0.00 
• n (0.11-0.00 
- Ca(0.67«0.54 
- 0«(0.67-0.54 
• Tl (0.11-0.00 
• Tl(0.11-0.00 
- Tl (0.11-0.00 
- U02(0.46-0.3 
- Ti(0.07«0.00 
- Fd(0.56-0.55 
• Ti(0.07-0«00 
- Pt(0.60-0.52 
- T4(0.07^»00 
55 tsinut9m 
)55 
# • 
fff 
- Sa(0.00} 
- Sr(O.OO) 
- Ca(0.0O} 
- Mg(O.OO) 
- Fb(0.36-0.00) 9, 
- e(0.39-0«00) «» 
f t 
• f 
• t 
99 
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T A 0 I. E IX 
(coaUmi«4) 
»olv«iil syeto* <9paratloa« *olii«v«(i TiMI 
Iii(0«$6«-0»46) 
Buiaaol • i^ioxfta 71(0«12*0»00} 
•f isopropyl 
(3 t5 i5 i1 ) 
Ti(0,f2*0«00) 
002(0.48-«0.27) 
U02{0.48-0,27) 
002(0.48-0.27) 
U02(0.48-0.27) 
U02(0.48«0.27) 
a (0 .09»0 .00) 
Cti'0.4$«0.90} 5^ admUs 
B« (0 .20^ .00 ) tf 
2r(0.00) tf 
Th(O.OO) »t 
S i i (0 .56^*^) 45 
0»{O.57-O.45) #• 
L'^(O.OO) t t 
C« or C«(IV)(0.00) 
Er(O.OO) 
Th(O.OO) 
flf(0.00} 
<• i«(0 .25-0.12) 
- Oa(0.58-^.50) 
Sttt&nol 4 doxan ft(IIX)(1.OOi^.9O)«Al(O.2O*«0.OO) 2.19 Goitre 
• Cone. tiCl 
(6t2t2) .« • (0 .50-0 .31) 
Al(0.20-0.00) * 3«(0.91-0.30) ft 
* 0«(1.00-0.95) 
ru(0.20-0.00) - f;of0.66-0.47) tt 
- r.n(0.95-0.83) 
• t 
fff 
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T A B L S IX (ConUnuod) 
01vont sy«t9a >«p»ratiaiis aeiiiovod TiflM 
r«(III)(U00«0«86)*ii<0«?0»0,00} 2*15 hours 
F«(IU)(nOO-0,92)-Cd(0.80-0,62) 
-Hn(0.57«0»25) 
io(III)(t.OO-0,93)-Cii(0.81-0.62) 
•8i(0*2(M).00) 
UOg(0.93-0#71) - V(0.41-0.2t> 
« Th(0*07«0,00} 
U02(0.92-0,70) • V (0.4(M).25) 
- Zr(0.11-0.00) 
U02(0#94-0.75) - V (0.40-0.27) 
- Hf (0.04-0.00) 
Po(III)(1.00«0.93)*Cr(0.18-0.00) 
K (0.07-0.00) - V*C0.40-0.22) 
-Fo( l i r ) (0 .96 ) 
» i (0 .18-0.05) - Co(0 .71-0 .62) -
Hn(0.M-0.21) - Zii(0.96-0.85) 
111(0.17-0.00) - Co(0.75-0.65)-
Kn(0.57-0.?0) - Fo(I2I)(1.00-0.95) 
iiioxan • ^aU. XrlO.71-0.52) • TiK0.12-0ft00) 
so lui ioo Of 
NitF • 1H. HCl (3i1t6) 
f t 
• f 
• • 
f t 
f » 
f t 
,5 hours 
5 cms. 
» » 
t #f 
55 sinutds 
u 
Thf! ohargii on th© ions 3«par&tc4, vns del«rsin«d 
by eleetroohroaato^raplijFg using only aqueous solv«al 
syst«»i8. Table X gives ibft naturs of tho ICHIS In lh« 
soivenli &yB%&em omioornod* 
T A B L E X. 
StPCTHOCHi^ lJli.TOftH .^HilC SSTSmUR -^TIOS Of THE CMAHGS 
>olvtiil ftyaloa C a t i o n 
Po«iUv«ijr Nonniiveiy 
elufcrgod elmrgod 
Un-
1M AaaoniUQ 
formato 
0*1M AaffioniUB 
Carbonnto 
Sa» E» abf 
csf En 
Pd, Ti P%, HO Cr« AUf Rii 
0«1H r'iOi&aaiuui 
tartf^to \n 
4H Amo^ onittii 
•Hydroxido* 
0*9H SodiiiB 
Aeotate 
R 
F«(III) 
0«5N Hydroohiorio Co 
aeia • waturatod 
solution of 
potaaalus) ehloride 
(111). 
An forado acid • 
4W HCl C8i2} 
^ • t HOf V All 
Ft , UOg To 
Ft • 
Hg(II)t Fti i r , KO 
AUf Pd, Hb 
C i i 
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The romilis in tables VllI mitl IX show thai papers 
Impre^atedi with etannio tuagstato achieve faet,^ etleetive 
a^ d epeeiHo separations ut i l i s ing a solvent aso«Rt of 11 
or 15 oias* fh® papers are easili^ and qLUiekly prepared 
and possible separations ean ali^ Mit always be predieted 
from nt ^^ues* ftnas taolybdemtn i s easily* separated in 
20 iBinutes fros 42 oations (see fig* 2} iaoluilio^ Fe( in ) t 
V» Cr, Tit Hi &<i^  -<> tfhieh interfere in the detenaination 
of fflolybdenua* Delsniuis separates froia 53 a^tal l<m8 
( f ig . 3} incluciing Te, Fbt Hgdl)* M, Cu« zn^ Fe(IXI), 
k& and :ib in which i t ie fotinl oost as ftn Icpurity* ?.ittc 
i s separated frws 4j cations (fic* 4)* The other sapaxib-
tionu in which one ttctal ion i«a« Au* UO^  and Hg(II) 
(fig* 5)t Pt (f ig. 2)« and Ga (fig«6)» i& sep^^rated froa 
nu8ier<ms aetal ions aro »n io^rovee^at over other available 
paper ohrt^aatographio seti^ods* Xaportent binary* ternary 
ani quaternary ssparationii have si so been a^ieved with 
effiei^aoy, ease and oosipaotness* 0elenium i s easily 
separated frocc telluriua in 20 ainutes* while other methods 
require more tiae to separi te tne two«A|s» Pt • Au and 
Ag • Cu • Au h&ve been r>epitrrited in 2 hours giving eofflpaet 
46 
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spots* Iha sapnrution of a l l tho platmu® so t s l a accord-
ing to I ^ r e t a l l (8) takes 20 hours , How«var, binary and 
t®rn;*ry sep r a t ions of platlnu© iMtals fev© bmn dovelopsd 
which need only 20 minutes for coapl«tlon# Tho separation 
oi A » C«, % • hg ( I I ) ana Co - Co(IV) roqulr#» 20 oinutes* 
fc©(lll) • H1 •» Be, -1 • 3 ^ - «»• «1 - Go - :M^ l*«(lll) - Ctt . 
ru ana K - V - i re{i l l ) hav« boon soparatcd in 2«15 hours, 
Eireonius a@parat«is from thoriui^ In only 39 a i n u t a s . 
tbo oioro important aapoets of tr^e rs t tu l ts reported 
in th ia chapter aro as follower 
(1) (yat of 70 Bystcaa containing adLxod solvents host 
r e s u l t s ware obtained in tho l»itanol«-dioxan*HCl 
(6t2t2)« The cat ions aigrat® hsre -^ s chloro* 
eosapli^xes rinco the tBajtHsuai Hf values rir^ of Cd, 
3b» Fe, F#(ITI) and Oa which hav© a strong tendency 
to form chloro*cosploxe» while cat ions l i ke Ba, Dr 
and Ca which for«i weak chloro-coaspl^xes tend to be 
retainc^d. The icma with high iif values have &mill 
eovalent r a a i i (1«1&»1«413) vh i l e the ions with low 
af values have large covalent r a d i i (1.73-1 •98) , 
( i i ) % , Ztif Cd and ai have high Kf values ana are 
e£»sily separuted from 41 c t lona usln^. Ethylaethyl 
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icatORc • Acetone • IK HCl (7t3»3) . i l th® four 
forn segnt lvaly oMrged ohlorch-oosiplexts which are 
thorefore not adsorbed cm th» stannic tung&tate 
p0p«r. Fur th t r a ig ra t ion of th«s® c t i oas r s s u l t s 
froo the fact tha t Zn^ C4 and llg chlor ides are 
Qultd soluble in ac@ton«* /'n, Cd and Hg belong to 
the easit' cfoup of pariodtic tabla* Tim i»n%logous 
behsvimir of Bi i s a lso 4ue to the solubll l t ;^ of 
i&e chlor ide in organic i^olveots, 
( l i i ) Tha raewit© in aeetonyl acetonia • acetone « 50« 
aci (7t5i1) &re ver^ in tc res t in i ,* Catione lijce 
Da, In , h g ( n ) t M , CUf Fa(1X1) ami Co s i e r a t a as 
tho^ fors) nagativtljr charged cosaplcxes witr. tha 
dlketone* Cu an<i Fa(XII) can b« &e&n ^ g r a t i n , 
as browa .^:pota during chromatoi^ruphy owing to the 
foit&ation of co^plexaa* ulmilar r eau l t a are 
obt'^ined in iaopropanolfACetyl acetone - 50* HCl 
(6t3t1) (hilm to s imi lar reasons* However, when 
in tto® l a t e r aolv<»nt 50 ? HCl i s replaced by 50* 
HCIO^ the r eau l t a ar*^ cospletcily a l t e r e d , Hg(TI) 
now begins to t a i l owing t o tiia lower eo lub i l i t y 
of th@ leercuric perohlorate* The saae behaviour 
i s tru® for 3 i , Gd, Cu, Zn, UOg, Ft ana Pd; a l l 
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the3« a lg ra td and give coiu^fiet spotfi i n i s o * 
pro|>i»noi«>acetyl aosttcme •305^ tiCl {6t3t1) k»ut they 
( a i l f ros the point oi spp l i ea t ton when HCI i& 
replaeed by HClO. of the same ooi»;entrHtion« Ga 
16 the only exoepiimi whiQit iilves a eoffipact spot 
with a high Hf value of 1*0CM)«94 heoauao i t foraa 
a strong ooaplex with ace ty l acetones even i n the 
ahsanoe of H€l» 
( iv ) fi nuisber of syntems c<Kitainin^^ uClO. were t r i ed in 
order to study the chosl«try of the ca t ions ra ther 
than to achieve separa t ions . For t h i s purpose 
i\Q10. • CHCl- •• acetone sys tea was taken up, 
beeimso licetone i s known not to solvate ionr and 
CHCl« a l so does not coordinate with isetal i o n s . 
I t was found th^ t for non^cosplsjuns ions l i k e the 
alJeali n e t a l s and fdkallne e a r t h s , HI values incre&se 
with e l eo t rone , ^ t i v i t y while for oosplax forslng 
ions l i k e i i i , Co ana Mn the reverse order i& not iced. 
In the group ii|f,(JI), Gd and /,n, t ig(Ii) shows an 
exceptional b«h vlour owln£; to the high so lub i l i t y 
of the i^ercurlc chlor ide in acetone (see f igure 7 ) . 
Thi8> explan&tion i s confir»#d by the behaviour of 
t h i s group in HClOj • lUO ayatems, where Hfljlijhas a 
54 
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lov&r Hi' vulU0 owing to tb« absence of an or^mio 
solvent in the syestaa (i^le* ®)» 
ooisp^^rison of Jf values on s tannic tuogstii tet 
aa4 pla in wttntffiMn l^ io. 1 pi pers i a given i n flgur«8(8 and 
9)* In perchlor ic «oia eyutem til vftlutt, of a l l iona 
incroiso witri a leo t rone^^t iv i ty wnile in HCl sj^stes 
ooffiplex forming ions liitc -U, Fn, fn , Cd ana Jlg{Ii) ©taov 
a rovers® behaviour (sea f i ^ r e 9)* plot of &h<? r a d i i 
of hyarated iona (9) versus Hf value (fig* 10) for soise 
metal ions shows that the nf value incr@' see with ionic 
r ad i i* Actually s e l e o t i v i t y should inorc? 80 in tne rovoree 
order* l o see what i® the eauae for t h i s effect chroffiato* 
#~raphy w © performed on plain papars . However on plfdn 
p pers the ions c<»i6idor@d bad tf values close to 1* The 
p o s s i b i l i t y of tho s o l u b i l i t y of the various tun|»tat®8 
wns then coniii'iGred* I t wta found that Ba tungatate was 
In&olublsi while Ca tm^ : g tun£^tat@& wera uoro soluble* 
The Lit value sequence i s thereforo due to ion pair fonaa* 
t ion between the ion iind the taatrix of th© exchunger* n 
s i is i l r explaaatxon appliaa to %hu low ut imlue of lig(Ii)« 
ro stu^y whether the ca t ions which regain a t the 
point of ap l i e t ion do eo as a r e s u l t of p rec ip i t a t i on 
or owing to thr; foraaticvi of pos i t ive ly ch&rgea speoiesy 
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papar chro« to,::raphy was p^rfonatd on pi In vhftta^ut rio» t 
pap«rs* 1% appaars thtftt the following cat ions had earo 
Hi vHluds owiflf to pr^cipi tuition in th*? sol vent systeas 
o ntlonad Mgainst thons* 
f o ( I I i ) « 1H '•!affioniui& formate $ --g ;^ =ncl Hg • 
0,5s HClf F « ( I I I ) t T l , I n , :vu, J O , and Pb « O.IM Aaaoniu© 
carb^natei Kg • 0«l:i liCl| Hf • Bthylsethyl ketone • 
Aoatono • IK liCl (7 i3 i3) t tuf Co, So(IV), Y, {?a., r -
Ac@t<myl acetone • acetone • 50^ MCI ( 7 i 3 t t ) | Hf • 
tbylawthyl ketone + butauol • 50* BCl (6t3t1)} I^» K, 
lib • l^ tanoi • dloium • isopropyl athor • 50?^  HCl ( 3 i 3 i 3 t 1 ) | 
Bm, .=r - Butanol + ciio<)tan • HCl (6t2t2}* 
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C n . •• i S. it I V 
Th« use of ion exoliua^e papors for the uaparation 
of motal ions hae receivod conBlderabla a t t en t i on recent ly , 
iiowover, very few quan t i t a t i ve sspur t ione hav@ been aes> 
cribaa on papers impregnated with synthe t ic inorganic ion 
exchangers. rh«* ion sxchan^e &eptsration of s^jlanxua i e 
important as iB&ntioniid by Kolthoff ana Elving ( 1 ) , '^Ihere 
are not saany ref(?rt$ncas in the l i t e r a t u r e to th ie setnod 
of separa t ion , probably because of th- i a p r a c t i c a l i t y of 
removing the high concentr t iona of o^^tions, whxch woula 
be necessary with ao&t selv^niun containing a e t a i s . The 
use of ion exchange res ins for reuovine^ t races oi i n t e r -
fering s e t a l l i c i&ipuritieii froot s e l en i t a or selen^tte 
solut ion pr ior to ana lys i s , should ce r ta in ly be considereci", 
The pre^ani chapter suffii&arisds the quan t i t a t i ve separation 
of seleniuaj frou iatportant ca t i ons . 
62 
Apparatus I 20 by 5 OB« ^rlacs 4®^s ware U{'.a<i to develop 
pwp@r atrip® 14 by 3 o®« In s l s e . whnitisan . o, 1 piipr*r WMS 
ua€!4 t h rou^ou t cb«? stu4ias« Sa^isoh «:ind r.oab speotronlc* 
70 wM« U80'i for th? spcjctror^hotoffietric wont. 
Roi-»p»nt8 »a<i Chatolof^tlst Chaiaicsil® fina solvents were 
e i t h e r »• -''^rck ( rf^raatadt) or Br i t i sh :'»ru :^ HOUM© .m-lytical 
Orfioo Heaf:*?ntis« ijt&nnic chlori-d® pant^h^arate wtss u rolana 
pro' .uct . 
.^tanoic I'ungatetta l epers uaad in th t i)«t#riaiaation of 
. ' tannic tun^'Stato pupors were prepi-'T-jd a© oiQficribaa 
i n Chapter 111. Aitor ar^iiit^ they v^ro vtmimd with 30 fed, 
of 5'S a«0- and them with decslnor^-.liaedi watar to raciOVw HJ^ 
excese of H'lO«« Tna p;.^pors ware tfKsn aried- JABU ULSJ .-S fiuch. 
o lu t ions i n.lH ooiu'sions of oi t r f t tes or chlorides ol 
c<*iioru» untk'r s tufyt contatnin/? - llttli-s ':^ci'l to prov^^oi 
hy.irolywta vere uaed. 
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tanauru aalentum .o lu t ions 2,190g« of anhydrous sodium 
sslenifco was aiesolvea in 10 ml of u®ain«ralir-9':i watsr and 
10 ml of HCl, the wholo solut ion was made upto 100 c l . 
This solut ion eantalned 10,000 p»p.m« of se leniua , 
1^ Cdl^o 0.25f^  >:itarQb >>olutiont This solu t ion wf.v» 
prepared accorain/i to Solti! ( 2 ) , 
L^9V l^oper« Ih« developar used l a t h i s s tu i^ yaoi 0«1-' 
ai.i.ioniUia ta r t ra te ; i n 4:^ * ai^^oiiiua hydroxide. 
,.;#taotorat Yellow aauaoniua sulflcl@ was uised to detect 
Pb and Bi, Cu t-.nv2 Fe vara detected with K.Fa(CN)g« ' r* 
anci in wars detected with the help of diphenyl oarbaKias. 
i'nClg-riCl raagant was saployed to ae tec t :. 0 and Te» 
Procedure I The solut ion coataining selaaluEs with other 
Bietal xone a i s p u r l t i a s was Jipnlisd with the help of a 
A - p i p e t t e in the fons of thin uniform s t r e jk, Ti e s t r i r i s 
were conli t ioned for 10 ainutee and then the developer was 
allowed to ascani 11 cma on paper. In oraer to asc<»rtain 
the ac tual poait ion of the respect ive spots a f t e r devolop-
s a n t , p i lo t papers were ruii in s i ia i lar conait ione and 
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dotsctea. It vms found that ael«aj.u;a spot aovai with tha 
aolvent front while all oihar ions reaainea at the point 
of apoliC'.tion or ibovaa to a ver^ little distance, i^ or 
alution of the acleniuiB spot the p&per was out anu its 
upper ena taperea to a point, while thd lowor ana was jcapt 
in a patri dishi the pt&psr was supported bj a glass rod. 
Then the papers were eluted first with 10 ml of doldneral-
izsd water ana then in fractions of 5 lal upto a total 
volume of 30 nl anu oolleoted in oiirkea beakers. Iho 
voluae of ttia efflui^nt wu& reduced to nearly 1 si, by eva-
porating it over a wat<ir bath. For the deterodn/tion of 
seleniuBi 9 alof ^^N H^ ^^ O. were aadea to the concentrated 
effluent, A precipitate ioiaeaiataly appeared which was 
filtarei ami washed. The filtrat>3 wtiS colleotea in a 25 ai 
voluaetric flask. Two allliliters of !)K H^^O. wer<) now 
aadea and seleniua was deterolnad U8in£ the . tarch-Iodide 
aethod (2). 
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K E o U L X w> 
(A) - , c . L I T T i V 3 w.^P it H O N Or ..ia:^NiU^. i-dOe) 
IM?OaI /Ni ' Cnllui*.-. IK V. h^l^iO ii^.TiOo 
qualitative asparation ol selaniuit wue aohieveu 
in presence of some cations ana it was founa timt selsniuft 
ooul I easily toe separated froia traces of jre(Iii), Cu(ii) 
anu :n(il). The re^ u^lts are given in Table XI. 
C i:oN.. 
Cations Hatlo uL HI Cations aatio KL hT 
e(IV; 0.96 0.85 w«(IV) 0.95 0.88 
(1 :1) (ItIO) 
Cu(II) 0.29 0.00 Cu(Ii) 0.20 0.00 
ue(iv; 0.95 0.81 oe(IV) 0.95 0.88 
(lOsI) (100:1) 
Cu(Il) 0.11 0.00 Cu(il) O.iO 0.00 
we(IV) 0.95 0.85 oe(IV) 0.95 0.82 
(1 :1) OslO) 
F8{i:i) 0.40 0.00 i®(lll) 0.30 0.00 
.o(IV) 0.98 0.90 v,9(IV) 0.94 0.82 
(lOtI) (100:1) 
Fa(III) 0.27 0.00 ia(IIl) 0.00 0.00 
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(Continued) 
Cat ions t ia t io hL nl CatXontt i t a t i o HI. h i 
O0(1V) 0.97 0.87 ^«(IV) 0.85 0.70 
(1 « 1} (1 «10) 
znill) 0 .16 0 .00 Zn( I I ) 0.45 0.00 
. « ( I V ) 0.9i^ 0 .80 .^«(1V) 0 .9 i 0 .80 
(lOt 1) (IOO1I) 
. n ( I l ) 0 .09 0 .00 / n ( l l ) 0 .00 0.00 
oa(IV) 1.00 0.87 .ie(IV) 0.93 0.82 
(1 » 1) (1 » 1) 
Mn(l l ) 0 .00 0 .00 P b ( I I ) 0 .00 0.00 
OQCIV) 0 .99 0.97 ^a(IV) 0.96 0.84 
(1 t 1) (1 I 1) 
i i g ( I I ) 0.17 0.00 B i ( i i l ) 0 .00 0 .00 
* Othsr c a t i o n s . 
(B) ^KIEmin JlOU Q.- ..:EL''.KIUM IK Pu ...EI.CE Oi- lum, 
COF?.:i%, ZIHC, I kd, aiwMUIH aH'; T:^ :L:UiUUH 
osIeniuiB i n preaanoe of iift|H)iriti«3 vtas applieci t^nd 
thd q u d n t i t a t i v e s-^paratlon of fielenlufii frou the6« ions 
WHS s t u i i e d . The aaoiple con ta in«a a e l e n i u a ana %h« i a p u -
r i t i a s i n tn^ r a t i o ( I O 1 I ) . 
s y n t h e t i c i&ixture c o n t a i n i n g soleniuiD and 6 o&tal 
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ions WHS prepare! una its chroaatogrnph^ WHS p«rfor^@d. 
The selenium content after alution was deteri^ ineti. ueprt* 
aantatj.ve results are &uim,iitrized in labia All, 
i > a L ;r Xii 
/ : n ( l l ) , fli(ilx), 
P b ( i l ) * Te(IV) 
1 1 » t 
68 
. .eleniutt l a p u r i i y odloaiuct f e r r o r 
a p p l i e a aaded reoovercu 
At6 / ^ g 
20 F a ( I I I / 19 .0 
- 5 .0 
1 1 1 1 19.0 - 5 .0 
1 1 Cu( I I ) 19 .0 - 5 .0 
1 1 • t 19 .^ - 2 .5 
> t S n ( I I ) 19 .5 - 2 .5 
t » 1 1 19.25 - 3.75 
1 1 i :e(III ) , G u ( i l ) , ? 0 . 0 0 . 0 
19.0 - 5.0 
, . . . 19.25 - 3.75 
D I I) C U a b I 0 l» 
The re^mlts ahow &hat the procadure i s applicable 
for the quan t i t a t i ve aepari.tion of soldniuffi froffi trace£> 
of Fe, Gu, Za, Fb, Bi and Te. ^ashing of tns ion exchange 
p pars p r io r to e lu t ion ±u tiBoesBur^ to dliiBlnat.0 i n t e r -
f^rdncea fro& IncoatpXetely p rec ip i t a t ed .)n(IV) or soi iun 
tungstcite, i^OM t h i s t&ohni^ue aay be uaea for oth«r 
quan t i t a t i ve separat ions since tha stannic tung&tate pi^pera 
are very 8eleotiv«» anl glva faat nd clt^ar eeparat iou. 
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LilEu/uUsE CIT?,^ ' 
. n a y t i C - 4 Cheifii&try", pRrt I I , Vol. 7 , p . 156, 
lnt«ri>ci«nce Publli^ln^irs, n*C., »l®w York ( t96t)» 
2 . :'«F. io l t« , • 'Coloriaotric '.'^terffiln^ition of 
i l iblisbarij , I^^C, f<aw York (1958)* 
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c a A p T B It V 
/jsoonium thiooyacM&t© ia an ispori^mt ohrouogoaio 
reagent vbieb produces intereBting colors witi^  nvmoroua 
aotal ions. I t s UBQ for the •pootropbotoaetric d«tdrmina* 
tion of cations has boon rcioently roviowed (1)* Thoro aro 
a nuahor of faetors which Halt the USQ of aioiiionitta thlo» 
emanate for the aoteraiaatioa of aotalst thiocyanio aoi<} 
i s rather unstable« th® metal thiocyanatas dsoompose by 
the offset of light and thtro i s a stepwise fonaation of 
thiocyanato ooiaplsxas aaking the whole situation rather 
coojplex* Tterefore tha detan&lnation of each individual 
Qetnl iwi r^ houla bo orltiCHlly evaluated before the method 
can be used for i ta deteriiilnation* Various aspects of 
this estiaati^rt have therefore been exaained ana a siaplei 
fa.st and p@l3«tiv«2 procedure has been developed which 
gives rellabl® ani reproducible rosults for osaiua* 
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Apyaratwat All &p«etrophotoii«trie studios wore pdrforaedi 
on B)MJi8oh £11 i l4»Bb 8|H>otronio«^0« pH fteasyrottonta were fcade 
on a Fbilips noaol PR 9401 pH aeter. 
iiaagaiita ua^ Ct^iaioalgt ta«^ar4 osisluii) wolutiimt 
This vaa praparad by diaaolving oaialuffl tetroxide 
(Jobnaont Mattiey and co«f Loadoa) aeoordlog to .iandell (2}« 
Two poreeat aqueous aamimlum thlocyanate (3«D»H« 
Analar) solution vaa u&94 in ttiia atud^* 
Divaraa ion eolutionai Cations wort uaad as ohloriaee 
and anions ware usad as 80<iiu» or potaandus salt solutions* 
Prooadurat 
(a) Datondnation of oaftiua without prior axtrpotion. 
( i ) In the abaanoe of icpuritiest An aliquot of 
oasdu© t@troxid® oontainlng upto 375/^6 of 
oa&iium waa t^ k^sn in a 2^ aL f 1 ^ aic* 0*2 al of 
in l2^ 4^ ^^f® added to i t followed by 1 i&l of 
2% amaonlua tiiiooytinate 80luti<»i* Xbe flask 
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mm then plaeeU over & uoilinf; watar l^ wth for 
30 ioimitasy cooled to rooia temper ture nd the 
oontontfi tfrnnafered to a ?5 @I, volu&^trlo flask 
and diluted up to th« mmtlt. with t#rxtor» the 
abaorbanc® of th« brown solution vaa stantiur^d 
u6 440 a ^ against water aa a blank. 
(11) In prasanc* of aqual aoount of palladlusst 
/'fter tba aetdition of H^^ iC. in tk@ flask 
(procedure 1 )^V«LS added 1 ml. of sodlus ol t ra te 
solution containing 7483 iLLg of c i t r a t e , 
followed by 1 ml. of aiaffioniua thioeyanate aolu* 
tion» the reist of the procedure w ta the suae, 
(111) In preaenoe of ten fold exceaa of ironi 
when iron la present § i t wsa masked by adding 
1 Blof sodiuK pyrophosphate containing 
^)00ttg of pyrophoephate in the solution* The 
alxture was heated over a water bath for 30 
oinutes, oooied and fi l tered* the precipitates 
were washed with water and the f i l t r a t e trans* 
fared in a 25 al . voluiaetric fluak and the 
voluaui made ^ sal.with d i s t i l l ed water* The 
absorbance waa measured at 440 au.* 
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(b) dtaroaiiiaiion of ossilua aftor txtraotlon in 
iscMfUK l^ alcohol I 
Hfi@i Idss tbun 37*!^/tg of osmium in to btt dotor* 
)iiino<l, the brovn coaplf^x fr<^ prooeciur@ a ( i ) waa 
traasfttrefli ia io a separating funnel mi^ tl^ oottplex 
wa« 0jctract«(l (whioh turned Oitto <HI oxtraetion) with 
six soparate 4 al.fraotiona of iso-aayl alcohol. 
The89 oxlraote wero ooisbined and trw^afered to a 
25 al^voiuastrio flaak and th@ oontonta wero diluted 
upto th« oark with i80«a8t^l aleohol* ttm aheorbanco 
of thtt hlut color iras oeaauroa at 600 mjx, ai^inat 
iao-aiivl alcohol as hlanJc* 
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n K J U L T ^' 
\b&otD%ion ggeotrat That «i>sorp$i(m spoetrm of brovn 
ana blu@ oolors cure sbotrn In figure t1« The aaxiiauis 
absoriitiori of »i)ueoua ati<ji ojctr'icte4 cwspXex ocour& at 
440 mu and 600 nix rodpaotively. 
Boor*s hmn and saasiUvjit^rt B99r*» law i» obeyed 
bjr tli9 ttolufclofie upto 13 p«p»ai* osaiys v ^ n the color 
i s developed b^ proeedure (a)(fiee figure t2} end 
vhen the color i s «leveloped b^ prooodure <b)« the 
upper limit reduces to 1«^ p«p*n« of osaium* Hie 
result® are suamarixed in table XIII. 
The color produoed in the aqueous aeaiuu «»» found 
to b@ stable upto 40 hours while the <ma produced by the 
extraction siethoa ren&lna stable for at least 3 hours* 
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T A B L E XIU 
roc»<iur« *«• Procedure 'b* 
ConoQDtratlon bsorbiano!^ 
of oeffiiua (440 au.) 
Conoen Ira 11 on bs orbsMEie « 
of oesiua (Goomix,) 
3.0 0.110 0.60 0.050 
4.5 0,170 0.75 0.065 
6*0 0.215 1.00 0.080 
7.5 0.270 1.20 0.090 
9.0 0.325 1.35 0.100 
12.0 0.415 1.50 0.110 
13.5 0.455 
15.0 0.500 
xtreotlom The eeneitivity or osisiiua - thio* 
oyannte oompl#x i e lov In aqueous adaium utai i t la found 
that the sanedtlvlty Increases vhan the ooapl«»x i s extraoted 
in soma orgmiie solvent* Thus ctolorofcMTQ, carbon tetr$«» 
ohloridet beneen®, but^lfileohol^oethyl ieo«4>utyl ketone 
and iso-aut^l aloohOi were triedf out of vhieh tho f i r s t 
three 4o not extract the ocmiplex* 
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Hathyi i&o*tNityl i£ot<Mo and n-butyl alcohol do 
QOt aonre t l^ purpoa«i voll sine* the intensi ty of the 
&lu@ color «xtri»ctca m quite law in theuo soi^vents* 
via thy 1 ether hu« &Ia«03t the £»aKe iaten£>ity s^ s tte^t 
produced by l80->ai2iyl alcohol but due to i t s very low 
boilini; point i t i s not fouod suitable for %u thti tat ive 
purpMios* Iso««ffiyi ulcohol via» therefore useci for the 
sxtrHOtion of the oospXex. 
.;tudy of vFtriahlest 
Effeet of temperature and rate of color leveloiMientt 
The eolor of osmiua thioeyanat^ goee on inoreas* 
ing at rooa temperature but wrien the reaotion aixture 
i s heated on a boilinc^ w ter bath, the s^xlMtts color 
at 440 a/J- t develops irlth in 20 cdnutea tmt i t i e 
better to heat i t for 30 ainuteti* 
ffeot of piit To find out the optinua pH range for 
the deter;;»inatioa7a solution containing 74*83 yutg of 
os^ iftiua was taicen throuth the reeceNBoiaded procedure* 
the init i&l pH ani iibsor4>anoe were notea* The pH 
w&D then smiaei slowly wita eoncentratedi solution of 
sodlua carbonate* ^ curve of pM versus absorbanoe 
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i s plotted ( f l ^ r t t 13)» ft ia cloar frois the 
figure that the cc^plex roaains st»bl@ from pH 1*1 
to 4*2« 
Sffoct of Si&ount of roagontt I t i s seen that 
1 Kl of 2*' aaiBOQiuffi tbiocyaf^ta Is eufl'loleiit for 
the production of mixiwam color (440 a ^ )• This 
correii|K>aa« to a sols ra t io of reagent to oaoiuia 
as 18 to 1* 
l-.ffeot of &ivor&0 ioaot In order to find the 
effeot 01 forai .^ ionSf aoaKi platinuoi and base 
fistals und ecMKi amona were talien thrmigh the 
reoimsendea proo^ure* The resu l t s are suBBsarlmed 
in table AIV* 
I, E KIV 
.JVBH..': lofia iui tir ;.:^;Tn:iKiRvr.:'-:ri o / ojinu*^ 
taken 
Foreign ion 
udded 
OaeiuQ 
found 
74.83 
t t 
f t 
Ammoniuia 4t,840 73.67 
lutrate A, 060 74.83 
auifata 7,680 74.83 
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f K B L £ XIV 
(Continued} 
OftttlUB Foreign ion Oemiua 
found 
74«85 Sulf i te 8,006 74.83 
Chloride 8,875 74.83 
Fluoride 7,600 74.B3 
Qxskla%e 8,800 74.83 
Citrate 7 #480 76.67 
Tartrate 7,480 73.67 
Pyrophosphate 8,000 73.67 
Cyan!ae 3 #000 63.58 
Copper ( I I ) 1,000 74.83 
Cobalt ill) 1,000 74.83 
FlatinuB (IV) 100 74.83 
f t iron ( H I ) too 74.83 
t t Fal l^iuB (XI) too 86.02 
Of the ions t@ated piatinusi and palladius were found to 
mterfore when pr«?3ent in 10 fold @xeeei> vhile cyanide 
wh©n present in 35 fold exoeoe interferes* 
81 
0-2O ^ 
I 
5 o/o I 
OOO 
o-o-o 
00 20 40 60 So /CO 
/7<^^ /J e/^F^CT OF /iH c/v /rsso/p/3/iA/C£ (4-^o ^??/y) 
2-99 p.Jb. ^ CF OS. 
i2 
Iff ee l of so&tt vtktmr sxscibl« organic solvents: 
Tb« of foot of tho ftddltiOfi of acetone on the 
oesluist thioo>'iMmt« color was ulso lnvo&tie<^locl* 
The roBuIte aro ohovn in fx#tro 14* 
Ani<Milc fmturo of oa»iua ihiooyanato ecM^lext 
The oQttplox lu ftnionie aa indicated hs th® otrong 
r«tenti<m of osmium thiocyanato oa lovox 1 x 8« 
In oroor to t@st the val id i ty of proeotiuro a, 
diff«r«Qt (ueounts of osslua were tajcon and dotersined 
thrott#) the roooi^ended prooedure* Kesulto are suoonrlKe^ 
in table XV, 
t A B L e XV 
OaiBium Qai&ium 
tmken found % r^rror 
8a.3i 82.31 0.0 
1U.24 114.11 • 1.5 
187.00 187.00 0.0 
220.74 224.49 * 1.6 
254.42 24B.80 » 2.2 
506.80 306.80 0.0 
325.51 331.96 • 3.0 
374.00 366.67 - 2.0 
83 
oso^ 
/. 
2. 
3. 
A. 
5. 
407^ ACBTOf/£ 
5^oZ ACETOf/£ 
&Ci\ Acero/ve 
70% AceroffE. 
9o% A ceroNe 
400 4^0 ^<o<j 5So eoo 6sro 
F/G. /4. i^/ifOP^r/o/v sp£cr^/i OF OSAT/C/AT TM/ZOCYA/V/ITS 
C^>A7/>//'X (5-7^/>/> ^  OF OS) /^ M/ITSP /iC£^TO/^£ Af£D/(/Af 
u 
.^  I. :; C U U S I 0 » 
Thr«« different proooduree vara us«d for the detor* 
filiation of ootsiiu^* 
( i ) Ttm ttsd of aimoniym tbloc^«*i^ite in aqu@ou& mediuffi 
without prior oxtr&ction of oeolue thiooyumite* 
( i i ) The iti^ e of usmoaiim thiooyao&to in water«oaooton@ 
( i l l ) Ibtt dolorsiinatioa of o@a4.uffi aftor prior extraotion 
of ossiiuB thiocyajii to by an immisoible organic 
aolvoitt* 
A dotailed ox^aination showel tbat tho las t two 
procosiurea aro not as satisfactory as the f i r s t out* whan 
asiiiuonium thioc^anat@ i s usod in th« water .^cetOl^ <l aodiuoi, 
surprisingly, tbe resul ts are not reproduoible* when 
extraeticm procedures are used, the useful range in th is 
laethod i s from 0*6 • 1*5 P«)P«B« of ostsluai* If the osodua 
eonoontration i s sn«illl«r the absorbt^nee i s less than 0«05 
(for 25 al iso*i syl alcohol) ana i f the osmiun oonc«atra* 
tlon i s It^t^&r^ then more the^ n^ 25 &l ol iso-ao|tl alcohol 
will be naedeti for complete extraction cma the absorbance 
wil l again be less thtm 0*05 and the resul ts are not 
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ropro<iueibl0 du« to thtj less seneil lvl ty of tbs instruaHint 
i n th l6 r&qge« 
The f i r s t ttatho^ was found to bs %tm best* I t 
gav@ r«|}rodiuolbl« results* I t i s better t i^a the subst i -
tuted thiourea ssethod b<»cauBe chloride doos not intc^rfere* 
The eolor i s develoi^d fast and i s 8tabl(!»« An important 
lliBitation ol the aethod i s that Fa* M and Pt interfere* 
The interferenee due to 10 fold k*® i s easily r^sioved 
(see prooedure a iii).doweverf p&ll&^diua timu plutiiutia whon 
presant in eiore t n n «Kiu l qiutintities interfore* 
The effeot ol addition of aeetime on tne color of 
ossiiua thiooyaoato i s interesting* At low acetone oonoen* 
traticms the oolor i s brown aiws only one absorption miijiiiKiB 
i s obtained a t 440 m JUL (Fig* 14}* . @ the s>eetone concen-
tration i s increased the color becomes blue and two i&axi@a 
are obtained at 440 a ^ end 600 s/x • finall;^ tiie brown 
color disappears and erne a^xioua a t 600 a ^ i s obtained* 
th i s my be explained as foilowiss The brown colored complex 
i s fomed when the coordination aphero of ossluia thiocyanate 
i s saturated with water »oleoulea* h& progress!ire dehydra-
tion occurs the oolor beootEtes blue* This is confiroed by 
the fact th? t the addition of almost a l l orgrmic substances 
chs^nees the brown color to blue* 
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It, iQ in£truotlV0 %x> compare th^ ffioro iiaporiant 
laelhoas tot the 4etorsdnat ion of oaeiua* thi& i s dona in 
t ab le XVU 
T A B L ^ XVI 
Thiourea 
SiGtIlOd 
(3) 
f'^rojpillol 
oiethod 
(4) 
2»Heroapto-
bens ia idaso l 
stethod 
(5) 
Thioeyanate 
sothod 
Lioklt Of 
t lon* 
10 -
1000/i.g 
25 - 375 ^ £ 
10 • i50JLLe 
50 - ?50ju»g 75 - 575 p-g 
1 5 . -
37.5/Ag. 
s t a b i l i t y ons tfoak 4 hCHirs 48 hours 40 hours 
pfl-rang« wiiio 
a c i d i c 
range 
2 . 9 - 3 . 1 upto 4 1 .1 -4 .2 
Boer*8 law 3«40 pps 1*14 PP& 
0»4*6 ppa 
2«>10 ppm 3 - 15 p?a 
0 .6 - 1 , 5 ppffl 
rat«rf«r«fie« 
of ca t ions 
|CU| Bii aitf I'd f0# iin# Pd Fd, Ft . 
Interfcronos 
dUf^  to 
Chloride 
i ons 
Inter— 
feras 
baal^ 
I n t e r f e r e s Mo i n t e r * 
ference 
No i n t e r -
ference 
Othor 
anions • 
Hot 
atuJie(i 
GK~ C!l" 
ifatur® of 
t i e complex* 
Catlonic anionic Cat ionic /•nionic 
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Xhi& tabl« shows that the thloc^«n«iLie method has 
aom© advantages over the thiourea Si^thods ( i ) The chloride 
suid siost anions do not I n t e r f e r e , ( l i ) The thiourea method 
needs ext rac t ion pr ior to spcctrophobonetric deterisdnati^n 
whiln t h i s JLB not roquirad in the thioc^yanata method* The 
Pjrro^Xlol i^thod ne^dn c lose adhorence to pH and chloride 
ions in te r fe re* in auu^isary the tniocyaotjits method compare® 
favourably with other okothoas* 
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C ii A F t I ii VI 
The ittportttnc@ ol' aepar&tia^j thiourea tto^ ttoio» 
e;v»^ taat€> has b9#it di«6uiiii@4 in obaptdf I I • Ii.*@ mtinooi* 
U53«<| for this 69p'.f%t;.d» sncrlua® %hmm l^ c<s<i <m Sdl^^etlve 
solubil i ty (f) eoIootlV9 proelpitafeicm (2) trnd adduct 
foraaU'CKi (5)» i^^ exulua^on i& «fld^nt for syeh s«par£JN» 
ti(mB in wtiioS^ i no othor aM]>«st«aca oxo^pt wntor i s d£l«d« 
The pro««nt »turty was undert^&sn %& etudjp ttxQ application 
of ion oxoluaitm lo th@ sap; rntion of tr iourea fros 
n 
(a) Ion ©xclian|0 r e s l a s ana otr.or ro^gofitst 
OW0E &0a « 1 (50-100 ia98h)t &bi>rlil» Tit - 120 
(20-50 a a a h ) | Amb^rliie lac - 50 (20-50 ssesh). 
( a^rsstadt) r@tikg»oisi while oth@r oli«£ilci«i!> u8«ei 
wore ot amilytieial graci«* 
(b) T98t solut ionei %ud(Hi& solut iooa of thiourea 
(?'f)« staa mmionium Uiioo^anaie ( I f ) ¥^T@ propftrod 
by aisftottrlng the requirtid quiiAlit ise of the sube-
Uinoes in d i a t i l l e J water and tmkinp, upto the 
(e) e teo tors i 
(1) TOKmicttl s i l v e r n l t r t a rf«g«at for thimiro * 
wa» pr«pi^ 'T#cl by £aljU.ag #c|ual vol«»tis of 0.1 R 
s i lvor n l t r a t s and 5n aasKmiuiBi hy^roxjio 
s o l u t i o n s . I t ^v«i& a blaoiiish eolor with 
tir:.ourea« 
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(11) re r r ic etiloriao reagent for amffl<miuit thiocyanaie 
w&e pr«par«<i bj difinoiving ^g of roCl^ in 2K ml 
ind jaaiiiiiig upto 100 ssl* 11. £>lvea a ra^ color 
with tnioQjfattain* 
(d) pparritust pjrrox glass eoltitsn (117 x 1 os) vas 
usoa* Thd h e i ^ t of the r@eiR bad was B6 ocs* A 
pua of glMMi wool w s Mleo kopt ovor tlw r^sin to 
prevont th® dleturlMinee of tht uppor eurfnco of the 
resin* B»«u8eh waA homh Jp«etrwio*20 wits u&od for 
tlM) «poctroDhotoB«trio vorM* 
xu&ntitativci dotersiinatxoiiot v^Uuntitativo dotoralna** 
tion of thiourea vtis don^ u&ia<| tha aetho4 of 
Hutehinecm mni aolta (4) and tiiiCMijrtiinato waa eatioate^l 
Hu^ntilativeljr aoeoriing to inoll (^}» 
ii^uilibrius atuciieoi the following oathou WAS u&oil in 
tha aquili&riua 8tu4i@a to daiartaine tba diatrilHitlon 
ooaffieiont (Kd)« Ona gra^ portions of the mlt dried 
resins in aaus^niina for» war^ ^loeurmt^I^ waigbad mmi 
t r n^farai into 100 nl* oonieal flasiia* 40 al of 
0*023 iOlutitms of thiourea and mmtmivm, ttHoeyt^nata 
were thon added* 7he f l tsks wara stoppered 3j!id 
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M 
s t i r red at 20 ^ t^C by m •lootrioaX a t i r r ing a«vlc« 
for 8 iKHira* The r9«in ¥t*& %h&n ettpurmteS froia %)am 
aqueoii« pb&iaA b^ f i l t ra t ion* 9 »l of tbiooy^oate 
or 1 ol ol tl4«Myir(i«i dolutlttai wdr® then tmkmi for 
quantitatiiro «sti»ati.oa« IHo v&lu@ of distribution 
ooaffieitiit (^d) wtm oaleulatod by the following 
fonail«« 
/ A « « n t of tho «a , . ta .»e in t » . ^ , / v o l u - , , f \ 
y^rosin |»li€Mks >/ ^ so lu t i ea y 
I • • • I W " ! • • » • ""' W»I«.'"»IM I n i l 1 « • . — . • • — 
fg of rosiit A / Asoont of the eabitaooo in A 
\ J \ the aquoous phaso J 
:h& rottulto ur9 avmrnrime^ i n tablo XVII* 
T A B L E XVII 
'ilSfKIBHTIOW GOEFFICIEfty OF THlOUaF^ ..^l- A'-''-'OMlUH 
itaaing 
Id 
Ihiouroo Thioojpai^to 
ovax 50w X t 31.6 0«00 
;/owtx 90 ^ ' X 8 10#0 0.00 
abarllto Ih»120 10*0 0.00 
\aborlito ItC-»50 10*0 0.00 
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froo^duret Oo« @iXlilit«r of the ^ x t u r e coni&ininc 
equal voluffi'4 of 1#- iiifcBsonlu® thiocyBant® and 2* thiouraa 
was applied «^ t the top of tbo eoltum and the eolu^o vns 
th#i3 ^eluto^i with <U»till«a wator a t a flow r»t® of 1 ©1/ 
®in* On* ffiilUliter fractlcms of tho affluent w@r$ 
colleoted in t s s i tubea* 
?tie oospoeitioG of ti)e effiui^t W'^ a^ fotin4 to be 
reproducible 'Qualitatively i»3* ths f i ra t 24 @«1 contained 
pure l i s t i i l e 4 waiter lolla%rea by pure thloey^n^itt »o utlcm 
(2^ Ml • 60 mlU '-l^ii^ ^ros 6t atl o 65 ^1 tli@ effluent 
contmiaed only i i d t i l l e d water followed by pure tnicwree. 
tiolution (64 {&! « 192 (sl)* the effluent fr&ctiona weri^  
then quantitatively analysed* kepreeentative resulte are 
shown In figure 15* 
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osrt 
o y y 
OiS^ 
I 
ozr 
ozS m 
o-oS 
ooo • t 
2o "^ 60 S'O fOO f2o /4o 
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H;;.JULX.,. Arm i/i:>ci;-.;i^jN 
adsorb©! 3091 by ;"'Oi*eji 5CJ* « 1» Tr.le i s aatiily unJ-:>rs»too<i 
in viaw of tb« low cr<mall«Js.in,?? of t h i s r o s i n . :iow«vor, 
prAotle-'Iljr iotit exolu^^^cm aia not euceead uslnir t h i s re&in 
«s ih© r@eov9r;y of thiourea was too saa l l (35"^). ThiB 
separat ion was ulso tn.«d on a omM% 50v m 8 in H fora 
(1 X 17*^ G«a^  coluiSfO usij^? a laixturo of 2 eg& of euaoiC i^uai 
thiocy^m^to aAtI 4 sig^ of traoure;-'. in 0*4 &i« ^iisonlucs 
thiocy<-«fiikto vfi^ :^  quan t i t a t i v s ly soparatod (pur i ty 99*t>' ) 
but th0 rooovisry of tiULOuraa wa© ;:-..g&i.n l-.># i»«» 35" J 
probably sofee thiouraa wii® aJsorbad on tbfe coluaii in tbs 
Cora of rU-*2 C- i n , icKi* Ih is s-sparutoioo i l d not aucce«>tl 
a:. Mell on a coluian of -.(i^borlitia I.^C«^0 u@ia|:; tho ion 
©xelufidoo tocbtiiquo* < inoo tbe r@t»a,» i . &. waait catimi 
exch ngor aiuS benc^ tha i<»mia p o t t n t i - I i o not &o bi^b 
ao to fixeludo tbiooyaniit«» eo^plotelyt tho i&oat sa t i s fac tory 
nd rQproduoibl^ rcnui tb w@r@ obt&iii#4 by thii ion exelueion 
t@cbniqu@ unin^: ovax 50« x i ros in as sbown in figure 15# 
?hiocy**nat© 4r, CI-'J. nly sepuratad froi:. tbiCRiro©. the 
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fdcovarjf of tMocyanutc «»« 95 wtillt onl^' 7B o£ thloaroa 
e&ulji bv r»©air#r»d« rbioujroa cm*!^ ;* not 6^ ^u:aitiit-vai>-
triioiire-i fr^etlon ii.'.iO*f«d lio t es t for tftioo^ajEi&t©. I t aa^ 
therefore be iiiferroa that tiie purity 4s api^roxiajt#l^ 99? 
m each (m6«. 
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Effect of Solvent Composition on the Separation of 
Thiourea, Thiocyanate, and Sulfide by Paper 
Chromatography 
SIK: Thiourea and its derivatives ai-e 
imiKirtant analytical reajjents, used 
both for the determination of numerous 
metal ions (?) and for maskinsi cations 
such as copper. Thiourea is converted 
to thiocyanate on heating (7) and 
to hydrogen sulfide on hydrolysis. 
Thiourea has been separated from 
thiocyanate by dissolution of the mix-
ture in a .selective solvent, such as water, 
at a suitable temperature (5), by addi-
tion of mercuric chloride in the 
presence of ammonium acetate (3), and 
by adduet formation with cai-bon teti-a-
chloride (2). Ion exclusion has also 
been used to separate thiocyanate from 
sulfide (.9), and sulfide has been deter-
mined in the presence of thiourea and 
thiocyanate by titration with sodium 
o-hydro.\yniereuribenzosite {10). We 
are aware of no published methods for 
the separation of thiourea, thiocyanate, 
and sulfide by paper chromatography. 
The relationsliip between R/ va\ue 
and solvent composition has received 
increasing attention in recent years 
(S, 4. 6, 8). In this paper we summarize 
the solvent sj-stems .studied for the 
.sei)aration of thiourea, thiocyanate, and 
sulfide. The effect of dielectric con-
stant on the Rj values of the three sub-
stances is also described and discussed. 
EXPERIMENTAL 
Apparatus. Glass jars 20 by 5 em. 
w e^re used to develop paper strips 
15 by 4 cm. Strips 26 by 4 cm. in 
size were developed in jars 30 by 5.5 
cm. Circular chromatography was 
done in a Kaiverau ap|)aratus. 
Schleicher and Schuell number 2043a 
paper was used throughout the study, 
except for circular chromatography 
where Whatman number I circles, 12.5 
cm, in diameter, were used. 
Reagents. Chemicals and solvents 
were either E. Merck (Darmstadt) or 
British Drug House analytical reagent 
grade. 
DETKCTOHS. An apjM'oximately 0.1.1/ 
solution of mercurous nitrate was used 
to detect thiourea. Thiocyanate was 
detected with 0.12.1/ ferric nitrate. 
If formic acid were used to develop the 
thiocyanate chromatogram it was neces-
sar}- to wash the paper successively 
with anisole and diethyl ether prior to 
applying the detector. For sulfide, 
the chromatograms were first dipped 
in 0.1.1/ AgNOs and then washed with 
4J/ HNOs followed by distilled water 
to remove excess silver nitrate. 
TKST SOLUTIONS One per cent 
aqueous solutions of thiourea, ammo-
nium thiocyanate, and sodium .sulfide 
were prepared by dissolving the re-
quired quantity of each in distilled 
water and diluting to the reqviired 
volume. 
Procedure. The strips were con-
ditioned for 5 minutes and then de-
veloped, using ascending techniques, 
until the solvent front had reached 
a suitable distance from the starting 
line. 
RESULTS 
To proceed systematically, the Rf 
\'alues of the three substances were 
obtained in numerous pure organic 
solvents and in solvents containing 
complexing agents. Some of the more 
interesting results are summarized in 
Table I. 
Rj values of all the three were found 
to be zero in dioxane, butjd acetate, 
diphenyl oxide, isopropyl ether, chloro-
form, cyclohexane, carbon disulfide, 
ethylene trichloride, and anisole. 
Thiocyanate and sulfide did not move 
in acetophenone, methyl acetate, ethyl 
acetate, ethyl aeetoacetate, diethyl 
malonate, and diphenyl oxalate. How-
ever, thiourea showed some movement 
accompanied with tailing in these 
solvents. 
Separation of Binary and Ternary 
Mixtures. Binary mixtures were pre-
pared from 0.1.1/ solutions of the 
three substances in ratios varying 
from (1:10) to (10:1). Mixtures were 
also prepared from O.OLU solutions to 
study any dilution effect. In all cases 
satisfactory separations were achieved. 
"Representative results are sViown in 
Table 1. Rj Values 
Rf 
Thio-
Solvent Thiourea cyanate Sulfide 
Methanol 0.34 0.48 0.09" 
Ethanol 0.23 0.27 0.00 
Formic acid 0.70 0.68 0.61 
1 % Aq. lead 
nitrate 0.70 0.81 0.36 
Distilled water 0 71 0.93 0.99 
Pyridine 0 69 0.39" 0.00 
•' Tails. 
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Table II . The best solvent system is 
marked by an asterisk. 
Good separations were also obtained 
with circular chromatograjihy. The 
RE values are given in Table III. 
DISCUSSION 
The best separation was develojjed 
systematically from a study of Rf 
values in pure solvents (Table I). 
Pyridine was first selected since all the 
three substances have different Ry values 
in this solvent. Methanol was added to 
cause increased migration of the com-
ponents concerned and water was 
added to reduce tailing. 
Normal aliphatic alcohols and some 
of their mixtures with dielectric con-
stant ranging from 9.90 to 33 wei'e 
chosen for the dielectric constant-R/ 
coxrelation studies. l i we consider these 
solvents in the order of increasing 
dielectric constant we notice that the 
Rf values of thiocyanate and sulfide 
are zero for the first few solvents and 
Table II. R/ Values in Mixed Solvent 
Systems 
H ! Solvent Thio- Thio-
system ure/i cyanate Sulfide 
l»..5% Alcoholic 
ferric chlo-
ride-acetic 
acid-hydro-
chloric acid 
(10:1:1) 0.53 0.90 
1% Aq. bi.s-
muth nitrate 
-ethanol 0.6S 0.9.5 
(1:1) 0.69 . . . 0.97 
Pyridine-eth-
anol-water-
acetyl ace-
tone (1:1: 
1:1) .- 0.88 0.22 
* Pyridine-
methanol-
water (1:2:1) 0.71 0.87 0.41 
Figure 1. W/ vs. D.E.C. of normal o l i -
phatic alcohols used as mobile phase 
— X — X -
— A — A — 
—O—O— 
Thiourea 
Thiocyanate 
Sulfide 
then increase linearly with the dielectric 
constant of the solvent. The resulting 
plot of dielectric constant vs. Rj for 
these ions is therefore made up of two 
straight lines 
« / = 0 (1) 
D = m(Rs) -f C (2) 
where m is the slope and C is the inter-
cej)t. C is the minimum dielectric con-
stant necessary to cause migration on 
the paper. However, thiourea shows 
migration even in the first few solvents. 
Its Rf increases linearly with dielectric 
constant from the very beginning and 
hence in this case a plot of Rf vs. di-
electric constant gives only one straight 
line—i.e., D = m(Rf)+ C. This may 
be explained as follows. Since thio-
cyanate and sulfide are ionic substances 
they are more strongly adsorbed by the 
polar stationary phase than the nonionic 
thiourea. Hence they do not migrate on 
the paper until a certain value of the 
dielectric constant is reached and in 
their case two straight fines are 
obtained. It is possible that if we had 
used solvent systems with lower di-
electric constant than 10, thiourea also 
may not have migrated and we would 
Table 
Solvent system 
Carbon tetrachloride-ethanol-
water (20:10:1) 
Pyridine-methanol-water 
(1:1:1) 
1 % Aq. bismuth uitrate-ethanol (1:1) 
Circular Chromatography 
RR 
Thiourea Thiocyanate Sulfide 
Time, 
min. 
0.43 0.21 1.5 
0.84 0.64 30 
0.96 0.78 35 
have obtained R/ = 0 for thiourea also. 
This point is confirmed by the fact that 
the value of C for thiourea, thiocyanate, 
and sulfide is 10,14, and 24, respectively. 
It increases with the ionic character of 
the substances. It is therefore clear' 
that if we consider only those cases for 
which there is some migration on the 
jiaper the curves for all three substances 
are represented by Equation 2. It is 
also possible that the values of m and C 
may be helpful in the study of ionic 
character of a substance and in qualita-
tive analysis. However, further study 
is required before some definite con-
clusions can be drawn. 
In addition to dielectric constant, 
some othei- factors show interesting 
influence on the Rf values. When we 
consider isomeric alcohols as solvent 
systems, the Rf values of all three 
substances increase with branching. 
The addition of 'mm in the solvent 
system not only helps in sejiarating 
thiourea from thiocyanate but at the 
same time it also results in the detection 
of thiocyanate spot f)n the paper. 
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